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cknowledgment to the public, for their fa- 
»ourable reception of my. firſt Edition, I have, in this 
Supplement, collected all the diſcoveries I could either make 
my own obſervations, or gather from the writings of 
. Boveusr and M. Dunaner. „ 6 
Ils have like 


e endeavoured to determine the thickneſs 
plank in the direction of the planes of the timbers, 
1 and have luſtrated it with a Plate en graved for that pur- 


| | poſe; ; Plate V. in the firſt edition, being too much crowde 
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Alfo an account of experiments that have been made to 
dadaſcertain the form o = 1 tha move through the 
water with the greateſ 


1 r Theſe experiments like- 
| wiſe ſerve to determine the propereſt poſition of the mid- 
. ſhip frame. 8 Ja 
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The proportions for maſts and yards, caps, tops, truſſel- 5 


trees, and croſs- trees, are inſerted. 


| Likewiſe the weights of the anchors, the dimenſions of 

' the cables, the number, nature, length, and weight of the 
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—. ſelves, 
Aube to certain 2 „„ 
that at a rel anner held at Paris in 16 
dimenſions uſed in France were eſtabliſhed by an order of the 
makes mention of Pierre Janſſe Horn, who, in the begin- 
laſt century, imagined that Noah's ark ſhould be made the - 
andard and pattern of the. form of a ſhi p: But M. Bouguer obſerves, 
did not .confider' that the ark, far from being defigned to ſail with - 
degree of velocity, was built only to ſuſtain a great weight, wen 
at reſt on the ſurface of the waters of the deluge. Be that as it 
Will, it ſeems, at leaſt probable, that the firſt deſign of building floating 
els, was to car goods from one en eee, bt Sidork © 
Now, the propereſt veſſels for that purpoſe would be ſuch as could 
contain the greateſt quantity of go them in the ſhorteſt? 


5 time to the intended port: So that capacity 1 velocity ſeem to be two 5 
eſſential — ̃¶ XTX. VVV 


4 : z 4 * . ; * » 4 * 


As s to the firſt, that of capacity, a circle has a greater area than any: 
other plain ſurface of the ſame circumference ;; and, conſequently, a cylin- 
_ drical tub would be the propereſt form. to anſwer the firſt end, but the very 
for the ſecond, viz. that of velocity For, by what e ſoe ver the 
bon, that ſets the veſſel in motion is to be applied, it is indifferent what: 
foremoſt ; and if it were applied in an oppoſite direction, the: 
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A "np is the next ſolid of great 


EE 1 indonveniencies as the Cylinder : | £ 

. ng veſſels may be longer than 9 5 
mw N rectangular parallelopiped will go with | 
eee | deways; but it will be indifftrent which, eß 
RG "belides, *tlils form would meet with great refiltance in 


at fluid be 


ir Ha: the water. ' For, let the component parts of \ 
ver {0 ſmall particles of à globular form, it is certain they 
of We and tho' they are eaſily ſet in motion, 
ted = can T hem; 
ir ſplace 
ticles as are contained in ths area of that plane; and, 
ve the fame number of particles to 


: . ; 4 az 4K 355 Em 
. have ſome kinè 


3 as many af theſe . 
=_ - 65 as it advances forwards, will — 


A | piped will nat anſo 
1 | | woke at the 55 
3 5 es will attack the 
: 0 
3 particles of water were as Cloſe] | 
5 aps the wedge: would be the - Bl 
I : . 9 Water. 4 But it muſt * | 
2 | 8 | 
1 1 rated at a great i 
— 1 5 : 8 pa OW. al eme 
; e s again, that the extremi 
. double its diameter aſunder, before the weds | 
TY is no ſooner pak unde | 
„ ely unite as cloſe as before, and none of t 
35 ; ſex d till the wedge y ſtrikes! and r 
ED wedge forced its way through any number, but it has th 


number to encounter, and drags a quantity of what is called 
5 _ after it: for, placing a flat piece T I water, at the after en 
. wedge, it will keep cloſe to it, till the wedge alters its direction; 
for there ſeems to be a neceſſity for tapering the af mend 
ikewiſe be obſerved, that the mall that forces 
— it in a direction perpendicular to the 


w bereas the wind that forces a ſhip ahead, . ſometimes ſtrikes | 1 a 


direction \ bt a 1 PY keel, which: will a apt to drive: it out of he 
direction of the keel, as is the caſe of a ſhip that lofes her rudder: This 
dis another reaſon for tapering a thip at the aſter- end, for otherwiſe .the . 
rudder wen have Vat wage little Power o Koop her Leady'1 in a traive* 


courſe. 
W Wund thay all ſhips us 95 ] 


onger hay they are e broad, 


: > tapered" at each end: The next thing to be conſidered is, _— 
| hacker vo) no the ſides thould be perpendicular to the bottom: In that 


eaſe, all vertical ſections perpendicular to the keel, and at right angles, 
would: po vir rams, which would be a very improper form for di- 
a fluid; for though, by the tapering at the fore end, the reſiſtancſgſe 
would be leſſened, yet the particles ſhould be ſo far ſeparated as to allow __ 
the plane of the midſhip frame to paſs through them; and though the 
effort of che fluid upon the midſhip frame * be greatly dicminied : 4 


** 2 N 4 Tat 
WWW 


by its oblique” direction, yet as the ſhip would then be as broad at the 3 4 
24 as at the water's edge, the bow would meet with great reſiſtance | 3 


every time the thip went about; ſo that there ſeems to be a neceſſity 
not only of tapering them at each end, but likewiſe from the ae 


breadth down to the keel. = 
The next enquiry muſt be, whether theſe vertical ſeQions: are o be 9 
limited with curve or ſtrait Res „and how to aſcertain their form. = 
The mathematicians have'endeavoured to inveſtigate the form of that _— 
bnd » hieh meets with leaſt reſiſtanee in paſſing through the water; IF 


but they have e any practieable rules from thence, to determine 
the form of a ſhip ; mould they be ſo lucky, after. a tedious calcu- 
lation, as to find 8 he purfioular' 7 hi of ſuch a ſolid, it would be of 
little uſe 1 in forming the body of a ſhip: For it is ſuppoſed, that the: 
folid is to continue in the 5 poſition in the Water, otherwiſe the im- 

ed part will alter its form as oſten as it alters its poſition, unleſs 40. 

8 as M. . would have it, formed by the revolution of a curve 

round its axis. Hence we may conclude, that the particular form of a. 

_ ſhip cannot be VENDING py rules that WI admit of a mathematical: 
demonſtration. © | 
_ © The' builders, Hitting ws Sound Rees: very. little alliſtanee from the | 

_ mathematicians, have applied themſelves to experience; and though. they / 
have not found any particular form which may be a ſtandard for all 

tips of the | ſame burthen, and deſigned: for the fame ſer vice, yet- in 
ſome points they ſeem to agree. Hence it is, that, in ſhips of war, of 
the ſame rate, the principal dimenſions are nearly the ſame ;. and in all: 


9 the — frame is nearer the fore · part than the — For, 


. r i __ 


S 


not Mb. be 1 75 e us by M. Bonguer, for ca 

an. 8 ſeem to be deducec from t e ſame 
ining what weight will 

effected with 


again, without the application of ſome exterior 

might anſwer in both caſes. But when it is confide: di that the particles 
A | - INC Af Te have. a na energy, whereb) dhe unite themſelves. as 
dens the force that ſeparated them is remoyed, we may 


ö 5 a 75 
. : 8 : 5 : f : 
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1 ticle has two motions, the one. pune, and the 5 pther. 


=o ting on the water, and a current ſetting. paralle | 
—_ ſuſtained by the maſt would be the ſame as if the 5 were in x motion, 

= (wich a velocity equal to that of the current) and the 
8 . that the jy Gr tendency the particles ibs. to unite 


85 | * 22 
. as it were pr the ma , and retard its motion, when 
WE. foremoſt; w n the. _ eo is foremoſt, and 
bath once opene allage, the e particles, by their nion, will rather force 
5 it a-head, or at leaſt prevent its going a. tern; a 5 | 
EE favour theſe principles; otherwiſe a ſhip would go faſteſt . T7 
f M. Beuguen tells us, the reaſon for mak ing ſhips fuller before th : 
be | e them o with greater veloci the water; je 
Ls e have a quite .C N 
5 is an eſſential quality, e immerged part muſt. be o 
gs forn > able to ſuſtain the whole weight of the ſhip com- 
15 | catly. rigged. with guns, ammunition, proviſions, ſtores, &c, The 
0 | ips of war, of every rate, is now pretty well. known; ſo 
that N : by he toy A if the load. water line be p roperly : 
mt 75 d; great regard muſt be 
| had to tl 1 fs p an of ſteering well, carrying fail, 
N ere and many other — On and ſeemingly 0 polite qualities. How to at- ; 
n;all theſe qualities has been attempted. b ſeveral eminent mathemati- ; 
| „ inſtead of determining any particular Ar. . i 
a | — | ave 
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| 9 5 of the colu lum of dilp 


the column of . * Ales, 3 likewiſe gives 
| tions. how. to * ow the goods, ſo that the center of gravity. may be 
pu ropetly placed with reſpeato. the metarenter and the center of gravity 
: water; which laſt cannot be altered after - 
Sip] is buile,, It is on 'the. proper ſituation. of theſe that the ſtability of 
| the thi depends. As to velocity, they have given We; ea for N 
the reſiſtance of the fuid on the fore part of the ſhip: but unleſs it 
be —.— that the velocities are always proportional to. the reſiſtances, it 
ſeems we. ſhall, gain little by this; as there is no account taken of the 
after body, and in the calculations they ſuppoſe the ſhip to be upright, 
and failing, in the direction of the keel; whereas a ſhip often lays her 
cuppers in the water, When cloſe hauled on a wind, and ſometimes 
makes two or three points lee way, ſeldom leſs than one; and yet ſome 
ſhips in ſmooth water will then fail within two or three knots as faſt as 
hw going large. We may venture to aſſert, there will be no propor- 
tion. betwixt the veloci 


firſt all the particles that ſtrike the fore part looſe their power as ſoon as 


Ks paſs the midſhip frame J. afterwards, according to his principles, - 


occaſion no reſiſta 
its Fall force, acting on the whole length of t the fide, and the area of the 


ſection, which, in this laſt caſe; would receive the perpendicular ſhock, 
would be almoſt: double that of the midſhip frame; add to all this that 


there is room to ſuſpect theſe rules of being deduced from wrong prin- 
ciples, ; as. Was before obſerved... But admitting all this, and that the velo- 


cities may be calculated, 11 after the ſhip 1s built, and found even by ex- 
1 perience to be T Jef to the reſiſtances, what will that avail us, if 


we have no inſtructions how to form the body ſo, as to be capable of the 
eateſt en in all poſitions, conſiſtent with the requiſite capacity, 
fab bility, CC ?. There are other, very material points to be conſidered, 


ſuch as the center of rotation, or the axis on Which the ſhip turns when 


ſhe inclines to one fide, when, ſhe tacks or pitches ; theſe, are continually 
ſhifting, as is the point of ſuſtentation of ſuſpenſion. * 


In all branches of the mathematical ſciences, there are "cords . 
rems demonſtrated, from whence. the practical rules for the ſolution: of 


various problems are deduced, in which there are always ſome neceſſary 


wed given, by which the unknown things may be diſcovered. 


ities, and reſiſtances in theſe two caſes; for in the 


ace; whereas, in the ſecond, every. particle has 
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two which M. Dubomel calls the balance frames we may y fafcly fay the 
whole form of the ſhip i is determined. 


The great difficulty will be to obtain theſe data. M. Bouguer, and 
after him M. Dubamel, hath purſued t this ſubje& as far as the nature of 
theory is capable; from whence they have deduced ſeveral uſeful prac- 
tical inferences, but have ſtill left theſe points undetermined, and at laſt 
refer us to the general practice of the moſt experienced builders, So that 
what improvements have been hitherto made ſeem chiefly owing to ex- 
perience ; and ſome think it highly probable that the form which comes 
neareſt nature, ſuch as that of the ſwifteſt fiſhes, will beſt anſwer the 
- purpoſes of ſhipping. - But here we ſhall find ourſelves very much em- 


barrafſed ; for fiſhes are wholly immerged, and the force that moves them 


1s wholly i in. their own power, and they are in no danger of being drove 
out of their intended courſe by an external force, the author of nature 
having furniſhed them with every thing that is neceſſary, either for pur- 
ſuing their prey in a direct courſe, or turning themſelves as occaſion re- 
quires; whereas in a ſhip, it is quite otherwiſe, as ſhe is entirely ſubject 


to an external force, and governed by the helm ; and therefore her form 
muſt be ſuch as may be moſt capable of receiving theſe impreſſions, and 


what nature has denied her, muſt be ſupplied by art. 
As all who have written on this ſubject have left theſe points undeter- 
mined, I ſhall not attempt it. I have in the appendix to the firſt edition 


abridged the ſubſtance of what M. Dubamel has faid in his treatiſe, and 
in this Supplement hall extract ſome of M. Bouguer's fundamental prin- 
_ ciples, together with what M. Duhamel has advanced on the center of 


- gravity in his ſecond edition; which I ſhall endeavour to tranſlate ſo as to 
de intelligible to thoſe who. do not underſtand the French language, and, 
ee 1 re make ſuch remarks of my own as I think neceſſary, 
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 C 5 E divides Bis Treatiſe i into des books, the firſt 
| of which contains a general idea of the conſtruction of ſhips, 
ls © 0 divers remarks on the common rules, in three ſections. 
In the firſt ſection, which he divides into twelve chapters, he defines 
dhe names of the different pieces that form a ſhip, and their 


Pp, 


. according to the practice of the moſt eminent builders ; and 


vas 4 


" des the various methods ufed by them in forming the timbers. This 
akes up thei firſt nine chapters; "tor which we refer to M. Dubamel, 


who has given us the ſubſtance / 'of what M. Buuguer has faid on thoſe. 


þ 


_ tranſlated - in the Appendix. 22 8 


e 10fl 40 f ich el, pier, Bougiuer makes ſome remarks on 
gives to a ſhip, J and 1 what methods 


which the, common rules git 
rar rr i ee Toy he, to giye any further account of the 
Wieia ” methods uſed by builders to form the figure of their ſhips, and 
project the frames; td. it ſeems that. all theſe prove, beyond diſpute, 

that they have hot yet found out a fixed rule. The only reaſon. why 
they have uſed ſo many different methods, is, becauſe they could not 
find the beſt. It would have tended much more to the advantage of 
their art, if they had in 5 — kept by one general rule, and only 
W ſome parti ular c ſtances, 17 0 remarking the reſult of 
Experience would have 3 ſt means of bringing naval ar- 
"chites ure to pe rfection, 'If the aun bad been poſſible; but it is plain, 

practice alone is inſufficient in many cafes; for, though ſome points 
may be determined thereby, yet, with reſpect to many others, it ſtands 
in need of theory. As nothing but a ſincere deſire of finding the truth, 
"has engaged us in theſe reſearches, we {hall not fait to take proper notice 
of what is good in the common rules, and ſhall ſupport them by all the 
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bot, may occur to us. Ti imagine the midſhip frame might 
» : * 0 ; 


erged part, or even little. jearer the Head. Th 
ways be nearer the fore part n the after part; the fore part 
fuller than the aſter: part, and the immerged part would have 
more of F the „„ ũ ] Sr ey One. - 
It is well E that the extreme breadth of e fr. liche 
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what « experience indicates, e AP RED 10 
Seamen, no doubt, tried to find her beſt falling, trim w ea ; ane 
8 aw more 


, that it was neceſſary to make he ) 
cy ; eſtabliſhed. it as a law, by obſerving it; 


in this advantage, that th 
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we ſhall at ea! 1 


ter. This wi 1: ion the decks not to li 
to; 95 ig admitting they may be of the fame FER, 
are _ midfl they are raiſed cor nfiderably 
ow, MEE what W ave faid for | 
ir rials, are very far from hay = 
| bow, from whence, 0 
* 4 1 e th height 5 | 
be no where the extreme 1 5 
hips. 8 0 F 
cadth higher afore than 
3s cloſe hauled by the ing, as | 
loſe much of the breadth ;_ 
gain conſiderably. - The chin then di laces a a eat 4 al more Water on 
lee ſide, and, 2ecording „the manner in which Juids act, ould 
a wh dance . þ fo ce, and of con ſequenee be able 5 
il... A. pl, that, by railing the breadths, we keep 
dip fands moſt in need of re- 
| It may be rem arked, that the flat | 
railing the breadths; 1 0 carrying all the 
weight of 5 — cargo fo low, th hey are 1 5 capable of carrying a great 
deal of fail. Though we cannot abſolutely condemn the practice of - 
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; aki « a ſhip PART 5 5 water abaft than afore, yet y we cannot approve'ef 


any of the rules that the builders. have, given us to determine the exact dif- 

built to a preciſe dtaught of water, by which | 
founded an tine principles ; but when a ſhip is 
not built to one preciſe fraught more than another, which is the caſe of 


LS 


| : moſt of the ſhips that have hitherto been built, it will be very difficult, 


and one of the moſt complex queſtions in naval architecture to deter- 
e this preciſe. point: 85 One would imagine there is no more to be done 
Ws make an ſhip ſwim. i in the water, ſo as to be capable of carry ing 
the greateſt fail 4 but when a ſhip is very deep i in the water, this will 
reatly increaſe the reſiſtance, and of conſequence be very prejudicial to 
- failing. We need not abſolutely find that part which will meet with 
leaſt rene When a ſhip has but little hold in the water, ſhe can 
carry but little fail, and therefore cannot go ſo faſt through the water. 
2 he reſiſtance then muſt be calculated, not K abſolut ly, but relatively, in 


Prop portion to the canvaſs ſhe ſpreads. T his will be. a moſt laborious _ 


ion, as not only the various and irregular curves which 
e the body muſt be nicely examined, to aſcertain the reſiſtance i in 
/ different draughts of water, but likewiſe. the weights of every part in the 
- thip, and in what manner they are ſtowed ;. all theſe muſt be given be- 
fore we can determine, in every caſe, the power that will be ſufficient 
to ſuſtain the force of the wind; on which account, it will be proper to 
adviſe the mariners to make frequent experiments of the ſhip's ſeat in 
the water; for the ſolution of this problem is only an approximation, 
even when the minuteſt circumſtances are conſidered. It is true, ſome 
builders, who would not be ſtopt by any difficulties, even ſuch as puzzle 
the greateſt mathematicians, have imagined they could find out this by 
another method. Many of them pretend to examine the difference of the 
- draught of water when | the ſhip is launched, and would have it to be the 
ſame 3 the ſhip is loaded; our readers cannot but pity us, to be ob- 
liged ſcriouſly to confute theſe and ſuch parallel maxims. If a ſhip ſails 
ſt when loaded ta the propoſed load- water line, ſhe cannot fail fo faſt 
when ſhe draws only one half, or one third part of it: So there can be 
no manner of proportion between a ſhip's draught of water, when 
launched and when loaded: And this method propoſed ſo myſteriouſly 
to us by the gens du metier, and received with too much reſpect by many 
mariners, ſeryes-only to confirm us in our opinion, that very little regard 
ſhould be had to all their other rules. 
But if theſe common maxims are found ſo imperfect, it muſt be ow- 
og chiefly to the figure they give their os. ; for it is impoſlible to 
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they have been obliged to make almoſt ſtrait; 
ving that rule, which would be ſo very uſeful 
regard a8 the ſecret f their art; namely. 


they are from kno! 
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the fraiter will they ke al the ribbande 
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s hte depends on a V complicated th 
may be very eaſily deceived, ſeeing the two points which limit the 
curve are fo. very near one 8 that they will make the ribbands quite 
ſtttait, as in Fig. x, or give them ſcarce the round of an arch of a circle 
of 18 or 20 degrees, as in. Pig. 23 they will acquire this laſt by increaſ? ing 
the height of the riſing line afore; whereas, by SA the riſing, 
the ribbands wil} come nearly ſtrait. We may, by a diligent attention to 
this ſingle maxim, without adhering ſtrictly to ſpeculative rules, reap- 
the fruit of the Whole; we may keep the form of the midſhip frame, 
but we ſhall gain much by making the extreme breadth no more than 
the fifth or ſixth part of the length, if at the ſame. time we diminiſh the 
_ proportionally. This we ſhall clearly demonſtrate, in another 
and like wiſe this moſt ſurpriſing circumſtance, that by diminiſhing: 
_ theſe twodimenſions, or by eee the length, a n. may k be made to 
ee rf renter DTT BT | 7] 2 5 
Let us now again return to the ribbuns; which r may be equally ſpaced 
on the ſtem, and likewiſe on the midſhip frame, from the head of the 
r: It will fuffice to make them round no more than the twenty- fifth 
or thirtieth part of their whole length, whether we make them arches of 
circles, Or ellipſes, and then there is nothipg to hinder them from being 
formed in the ane manner they uſe to make a fair curve. 1 
By this means it will be eaſy to give the bow nearly what figure we 
pleaſe. Alter having ſormed the midſhip frame A D 2 A, Fig. 3, and pro- 
ted the ribhands A W, G Z, &c.. take the length of one of theſe, for 
inſtance, if WA, the breadth ribband, make the ſtrait line W A (Fig. 4.) 
equal thereto, and at the end of it W,. draw the perpendicular Wu, 
which may be made equal to WA, as the point v may be aſſumed at 
pleaſure, and draw the line v A, on the middle of which erect the per- 
pendicular B C, which muſt be the 2 th or zoth part of- the line v A, 
when that happens to be the length of the ribband, but when it is ſhorter, 


- 


as in this caſe, where it is only the projection of it, B C muſt be the-roth. 


or 12th part of i it, i Then deſcribe an arch of a circle thro the three 


paints A, C,.v; "da dividing the line Wu into as many equal parts as; 
TH 


Fs 
" 


By, "ll 


4 $ 1 - 5 lo - 
0 . N - +" * 0 * 


. F * " 
Dee LEM 


® Noe” 13 
W s 9 


oe 


1 ; * 3 
FC 
f *; 


. N 
R 
FEY l * 


N. 
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will have but a very {mall curving ; after the ſame manner the ot 1 
ds tay be divided ; it muſt only be obſerved-that by reaſn ofthe rake | 


the ſtem the breadth ribband will be longe than the reſt; their lengths s 


may a it at t che third part o "it "making 25 
as wo arches 


ate, Ty Rs | f + 6 g i FE: | N 


Sat che ſame time it will 
AFG, which extends at ce beyond t 
5 be uſcleſs, it cannot be whol ly retrenc 


el, may ap 
uſe of neceſſity the 
B C F, it | ; 1 
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ken away, if it could b 
members together, which : 
rery important reaſon _ 
much to 
ber keepi is true it will be a 
great diladvantage to her in wearing, a very ſubject to broach 
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Es 


ching it, 


— 


a good wind, ; when plying to windurard: 


ow 


the fides of the foremoſt frame BF E C, wi 
to be curves; the firface DM CE will be a plane, if the ſide E C of the 
; midſhip frame be a ſtrait line; whereas becauſe E C is commonly a curve 
it will become ylindric, and in every caſe DM will be perfectly equal 


it to keptech⸗ this we. WA bal 77 8 ner the more head Gail, A 


: that we may without 77 inconveniency unite all theſe advantages. 


I muſt be remarked, that when ſuch a ſhip is formed ſo as to fail on an 


even keel, we ſhall gain nothing by making her draw more water abaſt 


than afore, the refiſtance which the fore part meets with in dividing the 


fluid is leſfened very little, or ſcarce perceptible; on the other hand, the 
rudder cannot fail 5 of producing its effect, becauſe the water will eaſily 
ſtrike it with its whole force. When a ſhip goes on an even keel, there 
is nothing to hinder us from laying the decks parallel to the keel, it is 


likewiſe plain there will be no occaſion for laying the wing tranſom ſo 
high, it will be ſufficient to make it higher than the depth of 32 hold, 

about the eight or ninth part of that depth. 

All that we have ſaid belongs chiefly to frigates, that are built on pur- 
po e for failing, without regarding their capacity for carrying heavy 
| But when this is required or when it is neceſſary to have ſeveral 


| decks, and to carry guns, &c. we then form the bow according to Fig. 6. 
At the ſame time we make the whole immerged part fuller, which will 
contribute much to prevent her pitching. Fig. 6 is only a ſketch to 
repreſent: things in general; the builders no doubt can reconcile all the 


angles, and breaches, or ridges of this figure: If we give the bow as much 


riling as poſſible, all the curves which end at the extremity A, will then 
become arches of circles, of 18 or 20 degrees; but in diminiſhing the 
riſing, and making the ribband E D horizontal, that will become quite 


ftrait ; the other ribbands as C M will likewiſe become ſtrait and rallel 


to the firſt, for the whole ſpace intercepted betwixt the planes BF E C, 


and ND M. But the rake of the ſtem, 1 with the inclination of 
ill occaſion the upper ribbands 


to EC. When che flat E F of the midſhip frame is half the extreme 
breadth, the half breadth L M, which is equal to H C, will be half of 
GC; fo the breadth N M of the bow, above D, at the extremity of the 


Keel, Will be equal to BC, half the extreme breadth. It will be needleſs 
to inſiſt on the manner of deſcribing the frames ; it is plain that each of 
them, as PRS T, will be formed by two parts perfectly equal to thoſe 

BF K, and HE C of the firſt, but they app wi 
diſtance R &, at which they muſt be placed, will be the flat of each floor 
or frame, and that flat will diminiſh in proportion to the diſtance from D, 


to one another. The 


_ the * of the keel. In regard to the 1 AN MP, it may be 
formed 


bog 2 | 
5 Bo: 25 * 
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ucing each tibpand, as 


M. a ſtrait part of the ribban bring a angent 6 
10 ab bg ys the Wh f ole | ribband | 


F C, the firſt fag to the B pedSeg 8k the ene 0 


1 el, will 
at leaſt make them more 


capable of ſuſtaining the ci of of the fails. 


1 This form will make the ſhip more capable of reſiſting the violent Pitch- 
gs, occaſioned by the ſeas ebene one end of the ſhip, which lifts it up, 
: the other end at the ame time being plunged into the Water, continues 
to fink till it is ſtopped by. the refiſtance of the water, or by the weight 
: of that column of water it diſplaces., Sometimes the ſhip. is not ſhocke + | 
| it is only the ſea that looſes its horizontal poſition by the „ | 
n ſurf or waves; the ſea all of a, ſudden withdraws. itſelf : 
* from. the buttock, which of n effity will occaſion, that part of | 
dc fall down till it find a ſupport: Theſe violent mations. 2585 
the carrying away of the maſts, and will always. be prejudicial to her. ſail- 
ing. It is plain there can be no way of preventing, or even diminiſhing 
6 theſe accidents, but. by making them fuller both. NE ';. We | 
Dave recourle to experience to form, the ſhip ſuitable to; the Particular 
8 ſervice ſbe is deſigned for; but it is always to be remembe ered, . and it is « 
_ demonſtrable, that when we have. only velocity in view, and are to fail. 
SE ſmooth water, as in the Mediteranean, with fine weather, the form 25 the i 
8 hip ſhould differ very little from two cones joined together by their baſes. ] 
n ſhort, if the ſhip is not full enough for the purpoſe, we may continue - 
the whole breadth for a conſiderable ſpace ; the fifth, fourth, or at moſt F- 
the third part of the whole len gth, ny then form the fore part by the | FT 
preceding rules. It ſeems to me, that when we have got a ſufficient ca- 1 
1 5 55 pacity in the hold, we ſhonld raiſe the floor ribbands afore ; otherwiſe, BK: 


\ 
OOO Tas 


le bow would too 5 8 obſtruct her filing. This laſt property is chiefly 
2 to be 11 In. ſhips of war, where the breadth is continued ſtrait but 
oh inſtead. of Ling A, veſſel as is commonly built for 
Faalpogt Me. we ſhould | we need only take for a mo- 
dol the figure of a Tectangled N and form the fore and aft 
art by two inclined planes, giving the ſtem and poſt a rake. - We muſt : 
always careful to reſerve t the two.. arts | Fepreſented | B CF, and 
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„„ „„ if £855) hs 20 4 . 
141 Ka to the rake the hal length of the ſhip be 248, the takes of 95 
* ſtem may beubenity 44. a when the breadth is continued for a good 
| ſpace it may be 32, and 68 for the rake of the ſtern poſt. That Fu of {+ 
2 fly boat, where we need only round off the corners, will be the moſt + 
perfect of any and, beſides, as a great part of the fide ! is ſtrait, it wy 
hereby proper for carrying guns, and fit for a ſhip of war. 

i the twelfth chapter, which conelades the firſt lection, he ſhews the 4 3 
manger of launching a ſhip. | x | 3 = 
In he! ſecond ſection, our au Abr Westi of the Rn ure of a thi ſuch 8 
as the rudder, capſtan, and pumps, which takes no the NEVE two chapter „ 

The third chapter is on the cables and anchors. 4+ 
The cables and anchors,” ſays he, are of indiſpenſible uſe to | hold a Mis 
when in a tbad- ſtead, where the is often expoſed to all the fury of the . 
Wind and the ſea. Every has at leaſt five or fix cables of different 7 
dimenſions; and to e ** largeſt, which is called the maſter cable; „ 
they make its circumference the 24th part of the extreme brendth; or, ” 
which is the ſame thing, one inch to every foot of the half breadth. 
_ Suppoſe a ſhip to be 48 feet extreme breadth, the maſter cable ſhould be 
24 inches circumference; but if the ſhip be 20 feet broad, the cable will 
be 10 inches; and the dimenſions! of the other cables will 'be leſs, and is 
always eſtimated by their circumferences. In France, the len oth.of alt 
cables, whether r great or ſmall, is boo feet, or 120 fathoms ; ; for a fathom 
i always accounted five feet. 
It is neceſſary to have the cables be e on + which account, they are 
obliged to ſplioe ſeveral to one anothers ends; but it will be very. diffi- 15 Wo 
cult to make them longer in one piece; the firſt threads that form them 
are of double the length, and more: "Thoſe of a cable of 120 fathoms = i 
long are 180, ſo that they looſe a third part of their length in twiſting 5 4 
them i in the manner they do, to make the cable. Theſe threads muſt be 
in length and proportion to the propoſed length of the cable, the exe N 
cution of which will be attended with difficult. Fr Es 
One thing may be remarked, which - may ſerve in all the different F 
borts; that the weight of one fathom of cordage, in pounds, is nearly the 
fifth part of the — of its circumference. This rule will always be 
pretty exact, eſpecially, when there is not too much tar put in the yarns; 
as for inſtance, | the . of a fathom of cable of 24 inches, will be 3 
found, by a hs 24 by 24, and dividing the product by 5, to be 5 
11 5 pounds, and the whole cable, which is 120 fathoms long, Will 
weigh 13824 pounds. The weight of one fathom of a cable of 10 
inches will, by this rule, be 20 pounds; for 20 is the fifth part of 100, 
-P- ER. mo 


- A 8 1 , 
— e 5 ” , 
| V W 


or 103 4 nd the weight ot the Whole 
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by multiplying the ſquare of the circumference b. 
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=. in the weight: But! 

1 d be, their weights would 

cmanks. There is @ ready-way 

+ „ is to take the length of the and divide the cube or tha He 
ET by 11060. Su poſe the chank IQ feet or 120 inches; we are only 

J 0 divide 1728 oo, the cube of 120 by 1160, the quotient 1545 will 

1 ; e weight of th ak anchor in But if the weight were given, 
A gng che length e multiply the weight by 1160, and the 
8 bs root of the product will be the required length in inches. 
3 As our author has given us no reaſon,” why we muſt take 1160 
1 OR "2 a conſtant. diviſor, or multiplier here endeavour ta demonſtrate 
k x; Bot, firſt obſerve, ihat if the length of the Mank of any anchor 
RAR given, a d its weight, we may then fi d the weight of any other 2 

"ad ah 6 | * V. 


0 IS 1 19 bY . 5 
| whole EY is given; 5 1 equently, if tha . be given, we 
may, 4 8 the reverſe, find the length, 2 all fimilar ſolids are in propor- 
up. 10. the. cubes, of the fimilar, 1 2 Now M. Bauguer has given us 

this; for he tells us an anchor of 16 feet ꝙ inches, 12 is, 201 inches, 
es weighs 7000 pounds. Hence, we have the following general rule: 
„ inches, the or. length ; e ooo the given m—_ 


Ia =_ any other length; 7 = the required weight, then 4 :e:: 1”; ol 


| 1p | 3 3.» 
we ſhall inuckrate this by the logarithms. The queſtion he projiſes; is, 
admit the length of the ſhank 10 feet, what is the weightof the anchor? 7 

The firſt thing is to find the logarithms of the lengths, and, multiply 3 


gy Ne: 25 3, oy have the IG of the cubes of the lengths. | 
4 — 201 1 wn 303196 * 3 is 6. 98S 
1 =,120 2.079181 x 3 1 6.237543 


. has found the logarith ms of the. len gths, we have the 4 
tion by the rule of __ by the logarithms, 185 


As 2013 5 6.909588 
I to 100 3.845098 
EN 
IST | ; 2.88284 | | ; 
OS ag To 4 7 „„ et 


5 as this "8 FURY of the firſt and ſecond terms are conſtant num- 
pers, inſtead of adding the firſt and ſecond terms, and, from the ſum, 
- ſubtraQting the firſt; We may ſubtract the difference af the firſt and rad | 
eond terms, which will likewiſe be a conſtant number, Les the reſult 
will be the fame, as by the following operation, 


— 


| The firſt term 6.909 ww the third term 6. 2 37543 
„dhe ſecond 3.845098 difference 3.8442. 
31 difference N ble fourth term 3.173053 


The reaſon of chis i is very plan, fr the ſum of the ſecond and third terms 

is . 082641, now out of this we are to ſubtract the firſt term 6. 909588; 
which may be done, by firſt ſubtracting 3.845098; and again, ſubtract 
from that remainder, 3.064490: Since theſe two numbers make 
6.909588 the firſt term, which is the whole number to be ſubtract- 
ed; and if we do not add the ſecond term to the third, we have only the 
third term left, which is 6.237543 ; and if from this, we ſubtract the 
8 difference 3.964490, we in effect ſubtract 6,909 588, from 
2 10. 
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This rule may be apphed to gauging of ſimilar veſſels, or finding the 
will 2 bei in 2 to the cubes 
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Jo return to our author: Theſe operations, ſays ! e, may be done 
with greater eaſe by the logarithms, only taking three times, the loga- 
rithm of the length of the ſhank in inches, and from thence, ſubtracting 


.. conſtant logarithm of 1160, which is 4.0644. 580, the l 
MN * 1 7 will 


bl 


* it be he een Sten wie ght of the Fanb⸗ * 8 ue If, oft 
the other hand, the weigl 


= this! ſum 4 y 137 


the we 
fince it is only the circumference of the cables that differ in great and 


5 * * 7 


t be given in pounds, we need only add the -- 
velght to 5 3.0644 780; and, di- 
Wy: ſhall have the logarithm of the required length. 1 
The ſmalleſt: thips | have five or ſix anchors; and the greateſt generally 
eight. The mariners have different rules for determining the weight of 


lqgarithm of thie 


the anchors; and, on account of the convenieney of working the ſhip, 
they have eſtabliſhed It as 


e the maſter anchor, ſhould be three eighths of the beam. 1 


a rule; that the biggeſt anchor, or, vi their 


"Another rule, but which does not agree: with the firſt; as we man re: | 
ntly ſhew; is to make it weigh half rhe cable; ſo a firſt rate, which is 
feet broad, and whole / ws is 24 inches cireumference, weighs 


130243 her maſter anchor ſhould weigh 69 12 pounds, and the otfier 


anchors ſhould be half the weight of their reſpective cables. The ſmalleſt 
anchor is the cadge; lies, in ſhips of the firlt claſs it ſhould _ 


weigh 2300 pounds, and the length be about 11 feet 7 inches. When 


the length of the anchors is three eighths of the beam, as in large ſhips, 
the weight of the anchor will be in proportion to the ſolidity of the ſhips, 
ſuppoſing them to be ſimilar; and; if the ſhip be twice as broad, the an- 


chor will be eight times-triore weight; but, according to the ſecond rule, 


the weight of the anchor ſhould b 


half the weight of the cable, and 
ight of the cable is in proportion to the ſquare of the breadth ; 


When the 


{mall ſhips, the length beingalways 120 fathoms in all ſhips. 
he weight of the cable will then be four 


ſhip is double the breadch. 


mes mote; and of conſequence the weight of the anchor, which is in 


proportion to chat of the cable, will be half the weight i it would be v4 | 
the firſt rule; that i is, in proportion to the beam, ©- 
Although the ſecond rule makes the anchors a great delt lighter, „ 
we may conform to it, becauſe that will be ſufficient when it falls in Bow ; 
ground; but when! the ground is ſoft and ouzie, the mariners make uſe 


of ſeveral expedients to ſuccour the anchor; but the beſt of all i is, and 


which is chiefly practiſed, to ſplice ſeveral cables at one another's end; 


ſo they will rub on the ground, on account of their weight; and by this 
 means;: the;effort, of the ſhip, on the anchor, will be diminiſhed, 


A ſhip ſeldom anchors in above 40 fathoms depth, and then it will be 
very proper to have two cables at one another's ends; for, if there is but 
one, the lower part of it will ſcarce bear o on the ground, and the anchor 


| will be obliged to ſuſtain all the ſhocks and jerks of the ſhip, which will 


come quite home to the anchor; it will not pull it quite out of the 
ground, 


r 2 great 
o that, at the firſt vio 


. a long cable than wi 
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nge in the water ; whereas, as the mariners have too often experienced, 
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hen 4 cer an th a en ata be requen! ly pitches all the fore 45 
1 under water. 0 1 8 ; $4 5 8 | TY 901 iir ö 
The fourt chapter is on the power and action of cars; 400 140 the „ 
fiſch chapter, he gives the follow r for maſts and yards. | N 
oy Al Alps have generally four ſt maſts ; the firſt is the main-maſt, 


which ſtands in the middle of the f ſhip : The ſecond is the fore. maſt, 
which is pretty near the fore end of the keel; this is nearly as long as 
the main-maſt: The third is the bowfprit, which,- inſtead of fanding 
uptight, ſtives forward,'and reſts 5 the head of the ſtem: The fourth is 
the mizen-malt ;' but ſome ſmall ſhi pv have not this maſt ; it ſtands abaft 
towards the poop. ' Beſides theſe, the main and fore maſts have top and 
top-gallant maſts, and the mizen- maſt a topmaſt. All theſe maſts hive 2 
their ular fails, and are named according to their teſpective maſts, 9 
_- Bun main-madt 1 is placed in the middle of the ſhip. -Afaſared Rome ;  _ 8 
head of the ſtem to that of the poſt, or its whole ee abaft the mid- 
dle of the hip; All the builders agree in this, but they differ widely as 
to the reſt; ſome place the fore-maſt preciſely at the fore end of the 
keel; others again take the 40th or CR part of the whole length, from 
the ſtern, for its place; and ſome, will have it ſtand. on the ſtem. The 
: bowſprit generally ſtives, ſo as to make an angle of 35 degrees with an 
horizontal line. "Laſtly, the mizen-maſft is about three ſixteenths of the 
length of the Whole Gi „before the head of the ſtern poſt: If the ſhip 
be 160 feet long, the n izen- malt ! is 30 feet before the ſtern | 
In France, the main- maſt is n in length, twice the Peach and 
half the breadth. of the ſhip ; whereas, the Zng//b make it only twice 
the breadth and two fifth parts of the breadth ; ſo, ſuppoſing the ſhip to 
be 40 feet broad, the French builders would make the main-maſt 100 feet 

long, whereas the Eng/iſh make it only 96. 

The Dutch ma e their maſts ſomewhat, longer than ours, though they 
agree 55 all other nations in regulating the lengths of their maſts by 
the breadth of the ſhip., The head of the. maſt. is always the tenth part of 
the length of the maſt. . 
The diameter of the d. en at the partners, is as many inches as 
three fourths of the extreme breadth i is feet; ſo, if the extreme breadth 
be 40 feet, the main-maſt will be 100, and the diameter, at the partners, 
30 feet, that being three fourths of 40; or, which is the fame thing, the 
4̃oth part of the whole length of a ſhip ſuppoſed to be 160 feet: The 
diameter at the head is generally allowed to be two thirds of that at the 
paxtners, which will make it 20 inches. 

1 muſt . fays our author, it is with violence to wget that I 
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1 - The eg ene yard, in length, is Ade uarters of be 


- 1 
ys 9 yuh in kenprh, is exactly twice the 1 e 'breadth//of the 
ip; 3 
the breadth. 

The fore- top- ail yard! is, in length, the breadth my Gxth part; ; and its 
diameter ſeven fifteenths of that of the fore yard. 


The fore-top-gallant yard is, in length, two thirds oft the breadth ; and 
be diameter half that of the fore-top-ſail yard. 


The fprit-ſail yard, in length, is the breadth and one quarter; and its 


th wo and the diameter, at the lings, half of at of the main- top- 
yar d 


meter, at _— Wings, one inch to N foot in five {RY of 


Gaben at the ſlings, one inch for every foot in the third part of the 


breadth, which will be half the diameter of the main yard. _ 


The ſprit-ſail top-ſail yard, in length, is three quarters of the breadth: 5 
and its diameter ſeven ſixteenth | parts of that of the ſprit-ſail yard. 


The mizen yard is inclined, on account of the triangular form of the 


Gil, and is the hypothenuſe ' of a. right angled triangle; it is, in length, 


twice the breadth of the ſhip, and its diameter one inch to every foot, 


in one third of the breadth; at the lower arm it is two thirds, and at the 


upper arm one third of the Lings. 


The mizen top-maſt is, length, three fourths of the breadth; and 
its os 85 7 half that of the mizen yard. 


Of the proper Figure of Ma 7 and 7: wk. 


Our ei ſays our author, know very well that the maſts, as well 
Is the yards, are round, like cylinders, or cones z but, pg they i ima- 
Sine the ſides are ſtrait. 1 

The beſt maſt- makers make the ades of their maſts curves, which 


form an arch of an ellipſe. "Our author here ſhews us how they form 


theſe curves; for dich we fefer to Chap. VII. Sect. I. pag. 106. of the 
foregoing Treatiſe; and proceed to the 6th chapter, where he makes 
ſome remarks and experiments on the before-mentioned proportions. | 


It is eaſy to judge, that the dimenſions of the fails are regulated by 


that of the maſtsand _ *  - 55 

The main: maſt, of feſelf, is 120 8085 the mai Wr waſt 72, and the 
main 0% lant maſt 30 feet , — monſtrous height, when all theſe are on 
end; and they are oportiooally ſo in leſſer ſhips: If the mariners would 
but attend to t they ice every day before their eyes, they would eaſily 
be convinged;” that it would be a great advantage to ſhorten them prodi- 


1 ant l, if they pleaſe, make the yards longer, to gain what they 
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J | 5 . they make the ſails of this laſt double the dimenſions of the firſt; but, 
=_ . ias all ips are allowed to heel, a ſmall ſhip-thould have a great deal leſs 


„ Gl, in than a great ſhip: Suppeſing one ſhip half the dimenſions 
w — v5 the ſmall ſhip will only be the eighth part of the ſolidity, and 
„„ eee part of the weiglit of the great one; and, as it is the weight 

tthat oppoſes the wind, when it makes its effort to overſet, or at leaſt 


Hm to heel the ſhip, the will have but the eighth part of the abſolute force 
” | which is neceſſary to ſuſtain the ſail; but this ſame force, Which is di- 


mmminiſhed to one eighth part, is collected i in the center of (gravity, and ap- 
Vw _ with double difadvantage. Seeing all the dimenſions are leſs by 
=. one half, the center of gravity will be but half the diſtance below the 
= 7 ecke or logd-Water Une ſo 2 fares, by which the e of 
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= 3 to "TUBE it the HOWDY 3 which the * has to 690000 a 
ſmall ſhip, be likewiſe diminiſhed to a ſixteenth part; and, if they agree, 
the packer honing wall not be,deftroyed, This will be a mark that the rules 
are aprons and we may continue to make the maſt proportionate to the 
Fever N enfions of ſhips | 
But when the x en eb of the fails of POW ſhips are half the & 
men ons of the large, the ſurface of the ſails is only diminiſhed one quar 
ter; It i is true, the center of that effort is but pal the height above 4 
ſhip, and, of conſequence, applied to the lever of only half the length: But, 
when all is conſidered, the relative force which tends to overſet, is only 
_ diminiſhed to one eighth part; whereas the other is diminiſhed a ſix- 
teenth part, as we have Juſt now proved. It is plain then, that the force 
of the Ban} will predominate, being two-fold too great; fo that if the 
great ſhip. be properly maſted, the ſmall one Cannot be ſo likewiſe, but 
3 will be in danger of 3 5 
ne To ſpeak in more general terms, the matte fene with Which the 
ſhip oppoſes the effort of the wind, is diminiſhed in proportion ta the 
ſquare of the ſquare of the keel, or of the breadth and the weight ; orithe 
abſolute woos | is diminiſhed in proportion to the cubes. / But the relative 
effort of the wind is not diminiſhed, but as the cube of the keel, or as 
tze cube of the breadth ; ſince the abſolute force of the wind, which is 
proportioned to the ſurface of the ſails, is diminiſhed but as the ſquare ; 
And that the height of the maſt, which ſerves as a lever to that force, 
© diminiſhes only in proportion to the keel, or to the breadth ; ſo, in ſmall 
ſhip$ the force which they have to ſuſtain the preflure of the fails | is al- 
ways diminiſhed, in a greater proportion, than the relative force of the 
wind to overſet them ; and, of conſequence, if there be an equilibrium 
| betwixt theſe two Forces 1 in large ſhips, it cannot ſubſiſt in ſmall, the firſt 
being too little, and the force of the wind too great; It follows then, 
that the common rules are defective, and will be at leaſt ſubject to one 
of theſe two inconveniencies; for the ſmall 2 being over - maſted, 
will not be able to carry ſail with ſafety; and, on the contrary, the great 
| ſhips, for want of ſufficient maſts, will loſe the advantages the taunt maſts 
would procure. _ 


The common rules being thus 0 defeQtive, we cannot ſubſtirate 


others fo fimple in their room; but, if we had but one ſhip properly 
maſted, we might, by that, regulate all the maſts of ſimilar, or nearly fi- 
milar ſhips. The relative force which ſhips have to ſuſtain the preſfure 
of the fails, is as the ſquare of the 3 of their ſimple dimenfions ; 
| and the miar force, which the 2 have to — is - the breadth 
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loſe! e two: e forces, t 
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be an equality 
em ; and this 


Which may ſerve as a 
| ms there can 1 maſts wml thoſe 
main-maſt are 3 
Wy weight of the ſails of a fimi 
1 e this ſimple 
| "cube of 83 to the ſquare. of the height © 


the ſecond ſhip; this ſquare is 3096; 
maſt is 


"Bas 1 the ſecond np is not ſim 
1 broader or narrower, deeper o ſhallower, - 
hange in proportion to the th at is, if the ip, which is 

83 feet long. inſtead of 23 feet broad, according to the common rules, 
only 157, or two thirds of 23, the height of the maſt muſt yas only 2755, 
1 re "It is eaſy to remark, that the ſhip being the 


muſt undergo. a ſe- 


me length, 


robe change in the breadth and depth, the height of the maſts. 
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the fails is regulated by that of the 
is likewiſe changed in proportion to 
nt of the fails, and, in conſequence, | 
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A = and that the height of the 
tte ſame breadth of the ſhip 


1 | ; abſolute impulſion of the wind, will be in proportion to the ſquare of 
1 tat breadth, and its relative force in proportion to its cube; at the fame 
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. 1 29. 4 
time that the 1 for 4 en which 3 wei . f the ſhip r reſiſts the 
inclinatipn, is proportioned to the fame cube, — not to the ſquare of the 
 fquare,. ſince the length of the hip is ſuppoſed ſtill the ſame; for it 
follows 450 thence, that the alterations made in the fails; anſwer exactly 
05 ade in the breadth of the ſhip, and that the We 
is no. ways altered. If the breadth be doubled the fails will be 
doubled, „ both in breadth- and depth; | ſo the ſurface will be quadru- 
led; and, when the height of the center of gravity is likewiſe dou- 
bed, its force will be _ times greater; but if the relative force 
ofthe wind, to overſet the ſhip, be eight times greater; on the ether 
hand; the weight of the ſhip which oppoſes 
greater ſorce, and then we ſhall have nothing to fear. The ſhip i 


Keel, Which are the elements of the gate but each will be quadru- 
pled, and the quadrupled | weight of the ſhip, being fituated twice 
as low, or with double js paar lee the depth is likewiſe . dou- 
bled, will have eight times the force preciſely, as is neceſſary always 
to retain an equilibrium with the 
the propriety of joining this ſecond rule with the former, which every one 
8 5 do, Who has one ſhip properly maſted, by which to determine 
the * Hato of the maſts of all other ſbips, even < of thoſe which are not 
imilar, provided the vertical ſections of the immerged part be ſimilar. . 
The firſt rule is, that the Squares. of the Naehe ſhould be as the cubes 
of the ſimple dimenſionss. 
Il lh'be ſecond is, that the heights of the 8 ſhould be proportionate to 
I the breadth of the ſhips, hs they be the ſame length. 
Ik) heſe two rules dee admitted, we may uſe the deſt we can pick 
| | out of the common rules, and examine the heights of the maſts of each 
ſhip, as if ſimilar to thoſe of the third claſs, as they build them at this 
time; and then we need only enlarge, or diminiſh, the fails, and the 
_ ghts of the mth, randy: found, according as the ſhip. is great, or 
15 2 
77 We may find Ahr . which tend han cnt wh abe nds 
As for example, a third is, that in ſhips of the ſame breadth, bug 
| of different lengths, the heights of the maſts ſhould be as the ſquare: roots 
of the lengths; for the relative force which theſe ſhips have to ſuſtain, 
the preſſure of the fails, or to oppoſe. the inclination, is proportionate to 
their lengths; ſeeing the other dimenſions are no ways altered. The cen- 


that is greater or leſs, according to we. agth ; and the relative force will 
N 3 always 


{cs that has eight times 


effect has the ſame number of vertical ſections. perpendicular to the 
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has been aid _ this head, y trying experiments, 
maſts ſhould-have the fame proportio in all 
ſmalleſt as well as in the larg 0 
erroneous, the true way to 
one; perhaps one or 
ſaying is, hitting the nail on the head. 
to ſuch a proof, as may be deemed 
was at Havre de Grace, continues our 
author and ruminating on theſe things, I cauſed two ſmall ſhips to be made 
erfectly equal; and of the ſame form with the Gazele frigate, building 
for th My two ſmall ſhips were each about 18 or 20 
poſitive to the exact length; but this I may 
were 1 ſimilar to the frigate, and one of 
rules. I took upon me to maſt 
utmoſt perfection, that I might de 
om the common rules. In ſhort, we gave the two 
to a piece of water of 
ſufficient 


| 


9 


47 31 . . 1 5 
"where they, were "Expoſed to the whole 
of the Win. ö TH then blew pretty hard; the experiment was 
when, that maſted in all reſpects fimilar to the Gagele, over- 
5 a; hundred: times, to the great aſtoniſhment of all the 
4 ſpectators : : Not conſidering that hp, all the parts could be made 
proportiona oſe of the' frigate 50 Fr 60 times leſs than the cor- 
reſponding parts of the frigate, yet they could not at all abate the fury 
or DA he wind, and by this means they expoſed the little hip. to 
perfect ſtorm ſo furious, that the-greateſt hip could · never py + ng 
It is granted, continues M. N that the Lila of the ſmall ſhips 
60 times leſs than thoſe of the frigate ; and therefore the ber Wey 
receive, will be 3600 times * than thoſe received by the fülgate, al- 
lowing the wig ya blow with the ſame force, and che effort of the wind 
to Overſet the hip, will be 216, 00. times leſs. But the force Which 1 
2 weight of the ſmall ſhip has to recover or right herſelf, is likewiſe G- 
times leſs, for che weight kl is become 21 &, ooo leſs, and when applied 
to a lever, bo times ſhorter, it ſhould have 1,2 96, ooo leſs relative force. 
After this, it is no way ſurpriſing, that the ſmall ſhip which has 60 
times lefs force, in Proportion to the Gazele, to ſuſtain 1 preſſure of the 
fails, ſhould not for one moment reſiſt the effort of the wind, not even 
When great part pf the fails are furled ; and ſeveral other expedients tryed 
by any who intereſt themſelves tag much to preſerve theſe proportions, 
and ſave, if po fible; the credit of the common rules. I fairly own that 
the model I eee likewiſe ſeveral times; becauſe, as 1 obſerved 
| before, I ſatisfied myſelf in making the dimenſions of the maſts, nearer 
to the true, only in retrenching ſimply the principal defects in the com- 
mon eſtabliſhment; and the wind at the ſame time blew in heavy ſqualls, 
but the other ſmall ſhip, after dy had reeft part of their fail, overſet 
20'or 30 times to one of mine, which is a A vr proof that the maſts 
ſhould not be proportionate to the other parts of the ſhip. 

In the ſeventh chapter, he treats of the names and uſes of the rapes, 
Which conſtitutes the ſtanding andenning rigging ; 3 which concludes the 
ſecond ſectiag. 

In the third lection, he treats of che abſolute relative bow of ſolids, 
whether wood, iron, or any other metal uſed in ſhipping, and endeavours 
from thence to -make a general rule, for determining the ſcantlings at 
every particular piece of timber in a hip He alſo 83 We. the 
common methods are ſufficient for 1 am- 
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Wy may be deſcribed, which 
* h b the following method, delivered to us by our author. | 
f into 64 equal parts, and the diameter at the partners, 
In order to ec the dia TY rs at theſe ſeve- 
gth, the diameter is three 
the partners ; at 8 of the length of the diameter, ha 
and" at the arſt diviſion of the length, 
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er *tends' to bt 10 708 
4 towards the extremities, but is alſo 
t of the ſails being d iſtributed the whole length of 

be only that force which: exerts itſelf on each part of 

the yard, K whole effort which. the maſt "ſhould ſuſtain, is applied at 


thee op, Io it is. we in the fame abſolute force which tends | to break the 
m 1 ereas -» yo s, the; abſolute force is greater towards the 
of ee has not only the greateſt effort to ſuſtain, 
| at a greater diſtance. If we examine 
t'o Sn of the length of the yard, we ſball 
it h ieee Par en N 1 dich it isat the middle; and, beſides, the cen- 
ber ef c effort is applied” but at one half of the diſtance. In one word, 
fore chi tend to break the yards are, as the ſquare of 
n the next yard arm, and as Hb” reſiſtance ſhould be in 
| Wein theſe forces, it muſt. follow that the cubes of the dia- 
roportion to the ſquares of the diſtances from the yard arm. 
„Kobe divide Half the length of the yard into 64 equal parts, and 
meter at thi c. the diameter at 27 parts of the length 

d arm, muſt be nine ſixteenths of that of the A 
h, the diameter muſt be one quarter of that at the 
-fourth of the length, the di ameter muſt be one 
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elt form 5 at the ſame time, be yell} us, the mariners do not 
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ſtrict examination, 
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E in any part of a 
the poſt. | 


of the - milie Faw 
e middle line of the 


; 9 5 end and 
t redound to the 


wil od F 


cotreſhone 
, we may hold; 
wrights, with 
| eil draw a line on the block; a 
g t th is penc ber ge at right 1 a to the keel, and paſ- _ 
\ likewife | tk ihe line that fufpends the block, will likewiſe paſs 1 
ugh the center of gravity, which; therefore, muſt be ſome where in f 
, move the bock to ſome other art in the middle line, 9 
J poine; draw all another pen @ Fa@ Þ 
eil line out of winding, with this Jaſt line of ſuſpenſion : The interſection 4 
Of the two pencil fines will give the height of the center of gravity above 
the keel, and like wie its diſtance ſtom the poſt and ſtem ; and if the hook 


that fo TY the Bock 
plane 


T7 


moved to any We} rts in the midline, and a pencil line drawn as 4 
defore, it will ik derte in the fime point, or let there be never 1 

t, many points Ld in the middle Iine, and the block fufpended by 4 
each, 12 pencil lines drawn, they will all interſect in the fame point, : 
and 28 the center of gtavity Will always be in that plane which paſſes 5 
cio, . E 2 ey through _ | 
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: ex of | 75 10 garithm is 2, the natur number muſt 0 " 
„and the hy Tak will be in ounces, which cannot be } 11 
ID | Be fg PPlh, We ſhall ther; fore reduce them to tons a | 
99,0 eduction. Firſt divide the ounces by 16, gives poun ; 
ds by 112, gives 18; laſtly, divide the hundreds þ 
| 3 ö anſwer in tons. Now all his may be done 
| the logar rithms of theſe three diviſors, from the. 1 — | 
ſecond. term, as in 1 905 | 
| 112 2.0492 = | 
5:3 20 1 Di 1. 301030 
| lowing general rule: o the logarithm of the : 


weight in ounces, add the conſtant n d 0 7405 which is 5. o4 37 3, 
and from the ſum ſubtract the conſtant logarithm 4. 5 54368; the re- 
mainder will be the logarithm of the number of tons. It muſt be obſer- 
1 ved, that if the ſcale be not a quarter of an inch to a foot, we muſt not 5 
take the logarithm of 48, we muſt find how many of the parts that re- 
reſents one foot in the draught will make a real foot; as for inſtance, if 
the draught be a three eighth ſcale, it will take 32 of them to one foot, 
ſio that in that caſe we muſt take the logarithm of 32; if by a half inch 
feealez Ge. logarithm” of 24 : ; if by a three quarters, the logarithm, o of - 


5 10 WR Fs | 112 + 866 
. Secondly we may, . e ſame rule, find the wei ght of t b * hip 1 
Z whes lantheg: It is only loading the block to the ſame 1 ght of wa- wy „ 
ter with the hip when AUR, and then t ing the weight in ounces 
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1 great advantage, a ſhip 
to have it in our power to / de well aſſured, even 


aption of ammunition, and proviſions 
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i FRE „ 
whole wei ;ht of the hip, Wwe (hall find that che Pen Fa the 
r of pravity is from the nen, Y Z, one inch. After this, it will 
15 ealy: to diſcover how far the center. of. gravity is below the meta- 
center Sk ſince there will always be the fame proportion betwixt the 
diſtance of the p umb-line from. the foot of the prop and the height of 
the maſk, „that t t GT, « b, the diſtance of the center 
of pravity:'©! from 1 Z, the vertical of the metacenter, and 48, tbe 
"diſtance betwixt the metacenter and the center of gravity. If a plumb- 
line, of 50 feet long, is one inch diſtant from the foot of the alt we 
Have this pen T: 50 :: 1 (inch, the diſtance of the center 915 gra- 
Vity from the  metacenter) : 50 inches, which makes G g, the diſtance 
of the center of gravity, below the metacenter 4. Fet 2-anches.. +, 
bn may ten ark, that, in arder to determine this exactly, it is not ne- 
cefſar ir the preciſe poine in which the-metacenter lies; it may be 
appel in the middle of the breadth- line O C on the upper deck. 
ce mmaller the weight is that makes the ſhip heel, ſo much the 
greater : muſt be its diſtance from the ſhip ; however, an error of ſome 
inches, in the horizontal diſtance of the wei icht, will be ſcarce, per- 
| © e 6b1e e. £11 Ha $# $55 1 
| 1 fine, I nere Bett the hab up Ve center of gravity, nor 75 
thi metacenter, is known, this experiment will at leaſt have one conſi- 
ſidęrable advantag e, that thereby we may know if theſe two points are 
always ſituated in 12 ſame proportion with reſpect to one another. We 
may, by this means, be in condition to reap the profit of all experi- 
ments made in former voyages, and eaſily find the ſhip's beſt failing trim, 
which the mariners call her ſeat in the water; and it is only by theſe re- 
peated trials, that hitherto. they have found it out. Though the builders 
always draw a water-line on their draught, to determine the preciſe draught 
of water the ſhip wilt draw when loaded; it is but too true, that they 
have no certain method to aſcertain this, and are altogether ignorant what 
ſbould be the difference of the draught of water afore and abaft. 
All ſhips have a ſcale of feet ad inches on their poſt and ſtem, to 
deten the draught of wats afore and abaft : We may, by this ſcale, 
diſcover if the whole weight, and if the goods be ſtowed exactly in the 
| ſame manner, with refpe& to the length of the ſhip, and likewiſe if the 
center of gravity be propefly fituated in reſpect of fore and aft, But tho' 
theſe be important diſcoveries; Wi et theſe alone are not ſufficient ; for, 
admitting we have all theſe, the center of gravity may be either too 
high or too low; to aſcertain which, we muſt have recourſe to the 355 
cedin experiment, Thoſe who have the charge of as te the ſhi p- 
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=o tenth chapter of his ſecond edition, w! 
v9. to the concluſion of M. Bouguer's, ſecon 15 e ene 

_ Alter expatiating on the reat advant tages that wall accrue. to naviga- 
_ - ting, by a proper ſituation of the center of gravity. He ſays, no labour 
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ceived " ae very enlvteſt dle 11 But 8 ſhips were lates out 56 
arbour, When their difference, in point of falling, ſhewed itſelf in 4 
very great degree, to the extreme amazement of all the beholders. I 
great difference cannot be attributed to the chimerical cauſes, for the 
_ deferve no better name, to which: they have recourſe. ke elves 
this difference; if not from the center of gravity, the fituation of which Ci EA 

+ they had given. theniflves- no trouble to examine; if in the ſame place 
a bach! qo But granting that it may ſo; yet when the cargo is dif- 

ferently ſtowed, and ſhe inclines more, or 'rowls to a greater or leſs © 

degree; the immerged part ceaſes to be the ſame, and of conſe- 1 

quence the { _— will, in this reſpect be different, and produce diffe Þ} 

rent effects. t may here be aſked, if the two chips were to undergo 1 
M. Bouguer's experiment, and the center of gravity, metacenter, G c. 

are found exactly the dane i in both; and, if then, there ſhould be 
any conſiderable difference in point of failing, whence this con ariſe 5 
For they are ſuppoſed to be : rigged exactly both alike. 

The chimerical e he mentions, are, that ſome imagine that a 
ſhip? 8 ſailing depends on driving wedges, in ſome particular places; on 
ſetting up the rigging, which may be too tight or too flack, on a piece 
of fail being ſptead to the wind; or on a weight of 15 or 20 pound being 

ſuſpended in a certain place, &c. he ſays thefe' are not wanting ſeamen, , 
who not knowing the cauſes of ſuch changes, have aſcribed them to 
ſome ſuch cauſes, and aſſured us they have confirmed them by experience: 
And what's ſtill more ridiculous, it is uſual, on preſſing occaſions, to ſaw 

the gunwales,and'to looſen ſome parts, whereby they. imagine the ſhip's mo- 
tion will be quicker, becauſe they are more ſenſible of her motion e \ 
ſelves. This is, ſays our author, as if a poſt chaiſe badly flung would go? _.- 
| faſter; becauſe they who are in it feel themſelves more ſuddenly toſt and = 
tumbled about. What ever may be in theſe remarks of our author, we | 8 
may venture to aſſert, that a thip, after being looſened, has got away from „ 
another that has gained on her very faſt before. | 1 

M. Bouguer, in his third E Book, examines the laws: which fluids hs. = 

806 in their ſhock ; as the wifi in ſtriking the ſails, and the water in en- 9 

countring the fore part of the ſhip: He divides it into five ſections. 1988”. _—_— 
The firſt ſection has eight chapters. 6 
In the firſt, he conſiders how the ed of] the wind on the alle, 

and the ſnock of water on the bow, contribute to the ſailing, which he 


treats in a moſt elegant manner, as a ue of which we ſhall give. — 
bor: following extracts, be 5 
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z in proportion to the ſquare of 


40 ucle,. by thefins 0 the ang 1050 i inci 
* Ws but at che ame dias that cach þ patticle makes a greater or ſmall- 
er immpreſſion, the number of theſe particles will be greater or ſmaller, 

according to their right, or oblique direction; ang this number is like- 
wiſe expreſſed by the fine of the angle of incidence, ſo the impulfion is 
in proportion to the ſquare of the hte of the angle of incidence: When 
the angle is right, he. impulſion will be the greateſt that it poſfibly can 
be; | whereas; when it is only 30 degrees, every particle will make only 
half the impreſſion, and has? will be only half the number that will 
contribute to the ſhock, ſo the effort will be only one quarter. © 

But it is not only the c obliquity of the direction in which the Avid gives 

| "a ſhock, that, makes the difference; it is likewiſe more or leſs, in pro- 

portion to the abſolute velocity, Which it has, independent of the obli- 

Auity: As ſoon as the fluid moves faſter; the ſhock becomes greater, and 

he velocity. If 920 water, which for 
example, ſtrikes a ſurface, acquires three times the velocity, every fingle 

particle will act with three times the force; but as there will be three 
times the number that make their effort, the whole ſhock Will be nine 
times greater. This is a property which is common to all fluids, Which 
makes their efforts ſometimes very prodigious. Salt-water, for example, 

_  tunning/atthe rate of one foot in a ſecond, will have but à ſmall effect, 

but if the velocity is ten times greater, the ſhock will be 2 hundred times 

greater ; a force ſufficient to break thro” the thickeſt dykes. © 

Hence, when the fame fluid ſtrikes the fame ſurfaces with different 

velocities and different obliquities, the impulſions are as the product of 

the ſquares of their, lens by" the ſquares of the fines of the angles 
of incidence. bt 

If not only the lcd and the fines of the angles of incidence be 

different, but but | likewiſe: the farfaces ; the impulfion wilt then be, in 

proportion to the extent of the ſurface, which will, nearly, be as the 
product of the ſquares of the velocities, and of the ſquares of the ſines 
of * of incidence, multiplied by the area of the lane, which re- 

_ ceives the ſhock : Iſay, nearly, for it may happen that e ſhocks are not 

proportionate to the — of the ſurfaces That receive ro for inſtance, 

a ſurface of double the area may not receive exactly double the ſhock, 

on account of the greater or leſs difficulty with which the parti ticles 

retire after: having accompliſhed their ſhock. „ 

Be that as it will; if the preceding rules be admitted, we \ only 

make ſome experiments on the ſhock of the fluids, by which we may 

| 1125 of the force of the ſhock in all other caſes. 1 may be admitted as 
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t as the wind may be variable, i 
backwards and for 8 
tage 8 of this in trument is, that | : 
= hout regarding the wo ra of the ſhock by this means it will be 
= caſiet to determine the quantitiy of the whole impulſion that | 
= | £ > 13 at, be able to judge whether the maſts will be i =. 
TT danger. | pre will not be ſafe to charge a 
1 weight of fix pounds. In France, the veloeity of che wind is about. go 
= feet in a ſecond, it be in winter z but if in ſummer it will | 
q 6 53, and ſtill more, over all the torrid zone. This is only its relative 
f City, w nch it h he ſhip, whereas, its abſolute ve- 
3 is much greater, and i is cient to overſet the ſhip, and if on land 
1 AIWA | y would : 
1 | | Pp: | | : 


pos Herti ee and tear trees by the tdbot Gut of the ground. The ; 5 
_ _reaſon,of what our author advances here, I take to be, that the houſes or 
trees do not go from the wind; whereas, the maſt of the ſhip, before it 
breaks, forces the ſhip a head, and as it were; runs away from the ſtroke, 
Her cannot be the caſe of any thing that is faſtened in the ground. 
The Anemometer may likewiſe ſerve to meaſure the effort of the water, 
4s well as that of the wind. In the builder's yards, where they have 
every thing that! is needful for the purpoſe, they may eaſily make a ſmall 
bow of wood, ſimilar to the bow of the ſhip, and "they, inſtead of the 
-board | ABDE, Fig. 11, fix this ſmall bow to the rod CF, which 
poſed to the ſhock pf the water, we ſhall then have the quantity 
| "of the by. oy in pounds and ounces; we may ſee, by the direction of the 


rod, in What direction the bow receives the ſhock. Laſtly, we may re- 


1 


| peat the experiment, by expoſing to the ſhock of the fluid, a plane equal ; 
to the, baſe of a conoid, which repreſents the ſmall bow ; by which we 
ſhall percceive how much the ſhock of the fluid is leſs on the bow, than 
on the midſhip frame. Theſe mechanick experiments may help us to 
Judge of the impulſions which ſurfaces receive in moſt caſes ; but the gehc- 
ral method is, to reduce the impulſions WRAY: curve ſuckaces receive, tg 
thoſe which fall on plane ſurfaces, in order to which the curves haſt 
be divided into ſuch a numbe ; of ſmall paſts, thas hey may be deemed 
ſtrait. 1 5 * 
- the third. chagtos; the pd of aide on different Figures, i 
conſidered; at firſt on a bow formed by two ſtrait lines. 
Let the bow BAD, Fig. 12, be formed by the two ſtrait lines A By 
and AD, and the direction of the ſhock be in an infinite number of lines 
parallel to the axis AC. The angle of incidence will be equal to the 
angle B A C, or to balf the angle BAD, and, if we multiply each ſide 
AB and A D, by the ſquare f the ſine of the angle of incidence, we 
ſhall have the whole abſolute impulſion which exerts itſelf on each fide, 
in the perpendicular direction of the line EF; let this be repreſented by 
the ſpace E F, and form the parallelogram E GF H. The des EG | 
and FH, are parallel to the axis A C, and the other two ſides perpen- 
dicular to it. Ic is plain, that EG and F H repreſent that part of the 
| x 7 alfion which exerts itſelf in a direction parallel to the axis; and it is 
plain that it will be leſs than the abſolute impulſion, in proportion as 
15 is leſs than A B. Since the triangles ABC and F E G, are ſimilar 
BC: AB:: EG: EF; fo, inſtead of working for the abſolute impul- 
| = on the fides AB and AD, which partly defroy ane gnother, N 
» nee 
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IE, on the ſmall; part Ee, ſo r IK be the fine of the angle of in- 
cCidence to the radius e I. 


0 : the angle incidence Ee I, 


A | WH 
e 1; is the oblique ** 7 the ſhip! s Ane courſe aki with 


- Thang * 15 


5 che keel, or the lee. way; now, ſuppoſing the curve BAD be the projec- 


tion of the bow. upon an Horizontal plane, and A its extremity, the 
angle of incidence Will be Ee I, and will be greater on that fide of the 
the curve where the fluid ftrikes it more directly, than on the other ſide, 


ique. From the point J, let fall the perpendicular 


In order to find I K, the fine 1 the angle of inzidence, our author has 
a very intricate- algebraick inveſtigation, by fluxions, and as it may 
be preſumed, many of our readers are not ſo well verſed in algebra as to 
follow him in theſe deep reſearches 95 1 ait endeavour ren the 
whole by right angled triangles. „ 0 | 

All that he propoſes by-this long proceſs, is, to'find I K, the fine of 


The angle Fe I, the lee- way, is given, which ſuppoſe 119 1 57 then 
gle F Ie, its complement, will be 78945“. 

1 E F be 40 equal parts, and Fe 50 equal parts; wo E F F. e:: 
R. 20tan. 3 1 E K = FE K, now ſubtracting the angle IE K from, 
go degrees, we have the angle E I K, and this laſt angle ſubtracted from. : 
the angle:F Ie, there remains the angle K Ie. The angles being thus 
found, our next buſineſs is to find the ſides E e, K I, and e I. 5 

In the right angled triangle I Fe, R: ſec 4. Fe I:: Fe: e I; again, 

in the ee, triangle IK e, R: ſine Ie K: el: IK, the fine of 
tha angle of incidence, Laſtly, to find E e, the ſmall portion of the bow 


which receives the ſhock; in the triangle F Ee, R: ſec. 4 F Ee : 1 
* e: Ee. See us ani by the logarithms. 
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it be a geometrick or — eu ve, Se. ſo th - breadth continues ſtil 
e ſame ; the impulſion it receives, in reſ ect of its axis, by a fluid which 
ikes it at an angle of 45 degrees, will always be the ſame, and equal to 
half the ſquare of th f go degrees, multiplied by D B the breadth ; 
in, other words, it will be balf of that which DB would receive, ſup- | 
poſing the fluid ſhould ſtrike it perpendicularly ; ſince that ſtrait line 
may be conſidered as the curve BA,  ſuppoling the axis to be in- 
2 Admitting all this, our author does not tell us How to apply this to 
he forination of the ſhip's b ly; nor yet how his angle of 45 degrees is 
to be found, Wo ob ek 55 
In his fifth chapter, he conſiders the impulſion of fluids on curve ſur- 
faces, particularly on a conick bow, and on a , conoltlale w, formed by 


the revolution of an are which he inveſtigates 1 . 
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. E girl meets 98 Sa h the 5 in an de . 
it Joes i in vertical, pi concludes i by.coofulting the {igang 
tables, we ſhall find the whole or abſolute refiftance, whict 15 9 7—— 
dk theſe foro, relative 1 impul lGons, exerts itſelf in a direction ich makes 
an Angie 225 269 34 with the horizon. 
Wa 1 501 er, he gives a method to find the auen on on curve 
| fur 8 ividing them into a number of equal parts, Which may be 
eemed fs ſurfaces, for which, we refer to but Appendix, tran ated 
from. M. 1 extracts. ger 
In his ſeventh chapter, he has ſome remarks on the change of the 
impulſions on curve ſurfaces, when the fluid alters its direction, and ob- _ 
ſerves, that without perplexing . ourſelves with examining all the oblique 
_ courſes a ſhip may fail, it will be enough to calculate the refiſtance, 
When ſhe fails. in : direction of the keel. It is certain, fays he, that 
; the angle the ſhip” 's. courſe makes with the keel amounts to an angle F 
45 degrees or 54 44, to looſe the advantage of the figure, and ſtill 
leſs, to change it to a diſadvantage. 4 have, continues our author, i in a 
memorial, communicated to the Academy of Sciences in 1733. Prove 
this truth @ poferzori, When a plain ſurface, exactly circular, is exp 
to the per rpendicular 0h of a, fluid, the nature of ſuch a conoid 2 — 
ſhould cover it in ſuch a manner, as thereby to meet with the leaſt poſs 
ſible reſiſtance, has =o, diſcovered long ago; but this is limited to per- 
fect conoids alone, and, beſides there is room to believe that it will not be 
the ſame in a direct and oblique. courſe. An order to clear this point, 
which has embarraſſed the greateſt mathematicians, I not only aſſumed 
any figure for the baſe, but even; ſuppoſed the fluid to ſtrike it obliquely, 
and was well recompenſed for my labour, for I thereby diſcovered, that 
tho', the. conoids of. leaſt reſiſtance be different for different baſes, yet it 1 
will be the ſame thing in reſpect to the impulſion, whether the e 
be direct, or oblique to the keel. Hence, ſays he, we may be excuſed | 
from calculating, the reſiſtance i in oblique courſes, for it may be attained 
by calculating the refiſtance in a direct courſe. We preſume, our author 
means, whatever be the form of that bow that will meet with leaſt reſiſ. 
tance in a direct courſe, will likewiſe be the form of that which will 
meet with leaſt reſiſtance in oblique courſes. 
In the eight chapter, he purſues the ſame ſubject, and conſiders the 
lateral impulſion, which he concludes with the following remark. "gs, Þ 
The bow that meets with leaſt reſiſtance in a direct courſe, not only 
meets with kaſtreſiſtancein oblique Ses but is chat likewiſe Which! 15 Faber 
G 2 "VI * ſubj<t 


of 


ws * 


ring the bow ſo as to give it that my 
ſtande in moving thro' any' medium. 
We have now given our readers a f. ecim 


=. d examining the laws which the fluids bes in their WL. 

LE © _ ſtriking the fails; and the water in ſtriking the fore p 4 
__ - Which he compriſes in the firſt ſection of his third Book: * . 
inn tte ſecond ſection, by the ſame method, to attem 2 0 TY "genera fol. | 


IA uy . 


* tion to all the problems relating to working a ſhip. - 
„„ In the firſt chapter, he conſiders. the e of tl 
i proportion to the velocity of the Wind. - 
3 always ſupp 

th has. no proportion to te o that of the Wind. M. Or, T0 
who thought this ſubject worthy of our attention, and it ſeems, 
deſigned to Were he reſolution of this queſtion to himſelf; the 
Principles he was to proceed upon, can only be executed by experiments 
5 1 taken at ſea; but F attempted a dire 7 | of the wr and, 980 
| account uf 1 5 Re FER? PLS 2 * NIE 85 . : FAD " 8 i 8 5 LEE - 5 
Let a ſhip be 163 feet in length from the dem 5 the lern. pol the 
5 exreme breadth 44 feet ꝙ inches from out to out. I found the area of the 
vertical ſection perpendicular to the keel to be about 691 ſquare feet. 
This ſection would receive the whole impulſion of the water, ſuppoſt g 
+ there was no bow; but mee” of the conyexity of the bow, the im- 7 
| pulſion will be muck leſs; 3, the 0 7 ly difficulty will be to determine how 

In exatnining a fall thi at Croific; F found the f ck of the water 
on the bow to be one ſixth and an half of that on the plane of the ver 
ſſit,ñcal ſection. Phe area of that plane carefully meaſured was 6687 ſquare 
a inches; the impulſſon it received 66, 879,000, whereas, by- dividing the 
nd bow! into 18 triangles, and adding up all the particular impulſions of each 
triangle, the whole ſum was 10, 24 5,73 5, near yt the 6:partof 66, 870, 000 3 

/ = 66,597,277-%.. e 
Il. imagine that in ſn ips af war it will be leſß, and may be reduced to 
te ninth part, ſo that we may take 77 inſtead of 691 fquare feet for the 
5 area of the midſhip frame. But having occaſion myſelf to viſit our ſea- 
ports, and to know the form of our great ſhips, I was forced to acknow- 
ledge that the ſhock on the bow was only one quarter, or at moſt one nor 

"and an half of that on the midſhip frame. This great difference betwixt 


2” NT e large ſhips, and the conoid of leaſt reſiſtance, is occaſioned from 1 
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= $76and 1.100, compared to unity, art e near the 75 - of the pro- 
= portion the denfity of the air bears to that of the water. 10 5 jh 
| From the whole, we may conclude, that che beſt iligg ; hips > \ with 


E ET ow © 7 ſevenths of the velocity of the wind; When t the Win blog i es 1 or | 
= three times ſtronger, che impulſion wit be four ar nine times ſtronger, 

= | - _ but the ſhip will fail only two or three times faſter, "becauſe the pul: 
ſion of the water will be four or nine times Rronger. "Notwithft anding 
all our author has ſaid on this ſahj ect, he tells us it cannot be fricly: -ap- 


- 


lied to all ſorts of. ſhips, ſo that the beſt that can be ſaid of it bs, that it may 
E an Ferret but ſeems to be of, very little ſervice. in ee a 


3 


mip's body; Ilhall therefore, only mention the heads of What he e 
5 the Eilowin og chapters, with Tome terparks-as they occur. 
_ Chapter II. Of the changes Which the motion of the 1 
1 duce on the ſhock they receive. DER, { ay 
Fo "The impulfion, ſays he, will be conſiderabiy loſs . . 
AM . 5 of the ſurfaces makes the fluid, a8 it Were, looſe a part, +of its -velqc RY: = RA 
3 * concludes this chapter with examining the ſails of 9 5 Tag 1 90 
3 "Chapter III. Of the changes which the motion of the ſhip. wil | 
= Us Aduce on the force and apparent direction of the Wind. | 
 _- Suppoſe, ſays he, the velocity 50 feet in one ſecond, bode the force on 
=... a foot ſquare fix pounds; the area of the fails 1 5,474. ſquare feet being 
3 N ſtruck perpendicularly, Will receive an Aendern of- 92844 3. - but fy po- 
—_ ſing the angle of incidence about I, and a half degrees, the, he ine of Which 
wt onethirdof the radius, the impu offion will thereby be diminiſhed'to the 
auth part; and if, by the motion of the ſhip, the velocity of the wind 
| "$1 M0 dm to 25 feet in a ſecond, that is, 8 half the 1 veloci- 
ty, t aſfon will be four times leſß, and. conſequently, the whole 
will be. 36 times leſs, and reduced to.38635 pounds. _. : = 
It is Plain © our author ſuppoſes. 155 abate velocity of the 1 the „ 3 
angle the wind makes with the meridian, with the keel and with the fails, _—_ 
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to be given, and likewiſe the angle the fails make-with the keel, and. thean- ; 

te of lee-way; hence the concluſions deduced from ſuch; uncertain data = 
muſt be more uncertain ;.our readers will, therefore, we hope, excuſe us for _ 

omitting the application. We ſhall, only obſerve, that in calculating the 1 
8 angle of lee- way, he condemns; the common vanies,, which, he ſays, de- 

ceive us very much in determining the angle the wind makes with the 

ails, and recommends a quoit, ſuch as children play with, as better a- 

da pted for that purpoſe than any other inſtrument hitherto anne 

* principle, from Which he. calculated. the lee: way, is, ſu es oe 
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fame time, four degrees, from thence lie prox 


1 


tons the lee-way to 5415 the 
de ſails make with the keel to 30 from go degrees. The experi- 


ence of all mariners is ſufficient to confute his theory, ard, it may be pre- 


famed, the rules given in our Engliſh navigation books, by allowing the 


f Ne- way! in proportion to the ſail a ſhip carries, may ber much more de- 


3 Chap. 
ſeckion. 


af which we ſhall make the following extracts. 


nded on, as they have been calculated from the journals of the ex- 
erteſt mariners ; for, after all his reſearches, he refers to experience to find 
out this angle of four degrees, which he calls the lee- way; and tells us, the- 


velocity of 'the ſhip's ſailing; ſhe muſt fpread fixtech times more canvaſs. 
The Vith and VIIth Chapters, contain the conſtruction of tables to aſ- 
certain the Lee of he” 's ſaling, which concludes the Wound 


ers Ihe ſhip biel reſpect to her propricty- 
of ſteering well, either by means of the bay oa or of the fails. 

Ihe firſt chapter-is upon the ſituation and number of maſts, and on — 
i n which ſhould ſabfiſt betwixt the head and alter fails, 


To the chic! ſcGion he conſid 


'The principle, fays our author, having been already eſtabliſhed, PONY 


ing the equality and perfect oppoſition which ſhould ſubſiſt betwixt the- 
impufſion of the wi, and the impulſion of the water, we may, from: 


thence, deduce a ſure method for placing the maſts. If the ſhip has but one: 


mat, it — be, of neceſſity, in the point C, Fig. 14, which is the in- 
| terſection of the direction of the ſhock. of the Water wich the keel, in: 


oblique courſes; but if in place of one we put more maſts, they muſt be 
before and abaft the point C, in Z and V, fo that the ſails on each fide- 
that-point be in equilibrium; it is of great importance to determine this: 
point C. 2 5 to the ordinary form of our ſhips, the line of di- 
rection FC interſects the keel in about two ninths of the length from: 


afore, or nearly five ſixteenths of the whole length of the ſhip; that is, 


let B * the length from the head of the ſtem to the poſt be 160 feet, 
CA will be about 50, this will not anſwer in all ſhips. If the thip be: 
formed by two cones joined at the fame baſe, . one fr the fore and'the- 


other for the after part, the fore part five twelfths and the other: part: 


© ſeven twelfths of the whole length, and the extreme breadth one: quar-- 


b of the whole length, CA will then be about 487. of the Whole. 


Og, 3 
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| marinergfind it by ſetting the ſhip's Wake i in N nes a This has been 
the ſubje& of his IVth chapter; and in | 


V. he treats of the different velocities bf the ſhip, : in different 2 
ablique courſes,” and from his proceſs infers, that, in order to double the 
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hour 1 at the 8 to ind thi | it may 
be done by a ſimple experiment, on a "model; of two feet long, or on a 
mr already built, by hauling it in the hs bout with a to-. line, faſtened | 
0 one fide of the bow; if this line be produced it will inter! 
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ane poineC: d e eee eee 
ut one maſt in that point, or if it be requiſite to have more, they muſt 


— on _ ide in ſuch a, manner as to preſerve an equilibrium, 


| thould be ll — 51 Hops or * is hy ſatne ching narfo wer, 
f time the ſails muſt be narrower; and then we may have 
four inſtead. of three ſtanding maſts; it is only by experience we, ſhall, 
_ diſcover if the thing be practicable; but they mult be ſo placed that the 
total. of the «8. of the head fails be Foe o the, gal of that 
the after. pa ways each ſide of the p Faint 11 y diſcover 
equilibrium betwixt them ſubſiſts. 


The area of the main and inainntop of. a ſhip of the fic! 
dns: 9500 ſq fore and fore-top-lails, | bout 
8040, nearly, in an inverſe. proportion to th ir-diſtances from the point 
C, and multiplying each area by its diſtance from the point C, we have 
eir reſpective moments. The diſtance of the main- ſail from is 346; 
x 9500- makes 306, 375 its moment, and the diſtance of the fore · ſail 


* 8040 makes 309,540 the other moment. 
without doubt narrow the ſhips conſiderably, if we be allow- 
ed to increaſe the number of the maſts ; if we have four maſts the fore- 
maſt Z muſt be as near as poſlible to the point A, the extremity of the 
bow, and two main - maſts, one in P, if poſſible befare the point C, and 
the other in Qabaft it, and likewiſe. abaft the middle of the ſhip ; the 
ſails of theſe three will bei in a perfect equilibrium, or which is the ſame 
thing, the moment of the two firſt will be. equal to the moment 
of the third, obſerving, at the ſame time, to make. the ſpace PQ a 
 Jittle more than the ſpace P Z, nearly in proportion, as the ſum of 


arcas of the two main-ſails is more than the ſum o the areas 
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we may, inſtead of four, haye's great many ſtanding maſts, pert gives us 
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7 imaln-ail snd feel Lace the mizetk maſt mutt 
. Wis 10 F Aude far ho raft The uſe of + thi fail on this 

eſery = equilibrium,” ten the ſea' takes the ſhip on 

| point C comes nearer the middle of the ſhip. | 

he bow elit have” likewiſe their: prop r uſe and have: a con- 
you hat of the mise En W 1 a 6 7 3-4" 
er then tells us, Ather if we puſh i 10 the'y 


rigour, 


a rule for placing them pro ly ;' but as it may be preſumed this is an 

exp eriment that will ſearce ever be tried, T ſhall omitit; FL _ 
1 figure a ſhip ſhould | | ave 1 in ger to | 1 

r perfealy well with her fails, of which we” "Hers ſubjoin $ 1 
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y means, ſays our author, to attain this is to weine it ſo that 
© the direQtion of the ſhock of the water in the oblique 
courſes, ſhall always paſs thro the center of gravity G: This has put the 
| builders under « neceſſity of making the fore part full, tho' they alledge 


a quite contrary reaſon for doing it; which is, that thereby a ſhip will _— 
divide the — —— a greater eaſe; and to prove this, they tell us ah = _ 
fiſhes/areibroa rat the ſhoulders and head, than at che tail, and that a = 
maſt will tow — the butt end foremoſt ; theſe pretended — .- 
have gained ſuch credit as to be adopted by ſever al Cem inent mathema- | 2 a ; I | 
ticians; but they do not confider that the author of nature created 9 


* 
1 


fiſhes, living creatures, with a head, ſtemach, &c. and it is not certain 
that their form is the propereſt for dividing a fluid, fince perhaps they 1 
muſt looſe ſome part of that advantage, in order to gain ſome other ß 
. which we are altogether ignorant. As to the maſt, the only reaſon for 7 
towing it butt end foremoſt, I think, is, that the rope may not flip over 

the end qc but, continues our author, we may reconcile the whole, by 
ſaying, that this form is proper, not to make the ſhip ail faſter, for we 

are ſure it will have a quite contrary effect, but to make her ſteer well. 

It happens unluckily, that we muſt looſe a little of the firſt advantage to 

gain ſome of the other, and as we have not arrived at that perfection, to 
ballance them perfectly, becauſe they are of different kinds, we muſt. 

have recourſe to experience, to diſcover the proper mean betwixt- the 
two: Notwithanding, our author ſeems here to think that making a 
ſhip full before ſhould not be, becauſe the form would thereby — 
that of fiſnes; yet, in Page 59, he tells us the midſhip frame 
ſhould be placed at Goo. — of the length from afore, and gives for 
dne reaſon, that thereby | the ORE Ar will better imitate the 
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to render the bow 
by ſuch a el ange 
is one of the 


3 * le, nor at two thirds, 
1 the twelfth, part of 


pter 1 his, A 


* ED: propoſed. to he built, ſhall ſteer eaſil 
1 5 which a body Id take, when two 
2 | the quantit 


EM article, they had too much regard to the failing, to the prejudice.of _ 
Roe OS TEM Y teerage 


- oi . : 


7 t6-rembdy:s : TAR The ado, itwrs 


-fail; the; 4 not yet — c wot midſhi frame 1 farther 
rd ba if hy his third ſection. 2 2 


© + In the fourtii fection, he examines a ip with 'refpett to the qualities 
beſt adapted to make her carry a good ſail, in eight Chapters,” © 
ms of the wind'uponithe fails; and the water on the bow. op 


I. Of the mutual vertical effort formed by the united im 
Chap. II. Of the different ſtations of the ſhip; occaſioned — mu 
5 wal wertende 100 of the wind: on the fails; and of the water on the bow ; 

and the conditions requiſite-for properly maſting a ſhip. 

Chap. III. Oven” principles to determine the greateſt beight 
maſts may liave, ſo as not to be in danger of being diſmaſted, with 
fome remarks on'the power a ſhip of each clas has to carry fail. 
Chap. IV. The ſequel of the preceding; to determine the limits of the 


higheſt maſt, and the « 3 ee Peeing of the firſt claſs, 
and the Gezele frigate. Fe wy 


- Chap. V. After unfwerin 


rages of 1 


, Wag 


— objeAdoris he examines REG Fr 


menſions of the fails ſhould be enlarged ; and if r . make the 


maſts of a ſhip of different heights.” 


| ſhip already built, the draught of water being aſſumed at pleaſure. 
Chap. VII. Of the form a ſhip ſhould have in 
beſbadagterd to make her 3 ood fail, and go faſt thro” the water. 
Chap. VIII. Of the girt a ſhip, in reſpect of her length, moſt con- 
ducive to make her carry ſail, with the means which _—_ increaſe the 
W of her failing to a very extraordinary degree. 

author ſuppoſes the following ene to be known, or at leaſt 
attainable, by his preceding rules: 
Iſt. The direction in which the ſhock of the water grikes che bow * 
This exerts itſelf in a double capacity, for it not only endeavours, by the 
reſiſtance, as it were, to puſh her a ſtern, but likewiſe lifts up the bow ; 
this angle, in his calculation, he ſuppoſes to be 48" 20", - WHEN the line 
D H, Fig. 16, makes with the horizon. 

ad. The line 8 K, repreſenting the direction of the wind on the ſails, 
that is to ſay, the angle that line makes with the horizon; for tho' the 
wind always moves nearly parallel to the horizon, yet the impulſion on 
the ſails is in a pe — to their ſurface, and if we conſider the 
whole as united in L. the middle of the ſail, the wy rags will be 1 in a 
ps not parallel to the horizon, 

zd. The while force of the ſhock of the wind on the fail, which, he 
fag may: be had by an Anemometer. 
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Chap. VI. To determine the moſt 3 ſet of maſts foe * 


regard to ber girt, 
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the interſection of 


center of gravity V, 


ning any F 
our author means, 


tion. of the ſhips ee b . move 
e metacenter, in which it was when th 
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ſame time : making an angle 0 199 39'-with-t thu thip will ©, a 
equal to the wind, but with | 
"BP third or Sth part greater than that: of the wi | 
me to follow him. in theſe deep reſeareh 

oxigina ſearee paſſible, 
be ever ever reduced. to ice, and ſo 
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N A table of the dimenſions 
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which make an angle. 


the conoĩè bow, which x me | ets with the leaſt poll | 

in le the fluid. 1 ; 

K £1 ; pars of —— dimenſions of uch a St "gs 4 | 
A table of the: dimenſions of a a new conoid, which wilt meet wih | 


| leaf reſiſtance. 


A table of the aeg Bont * two e which meet with nee 


reſiſtance; only when they are not wh immerged. 


Chap. III. A baſe being given, to find the figure of that ſolid which: 
ſhould; -cover it, ſo that it ſhould meet with the leaſt Pan reſiſtance: 

in: paſſing through the water.. 

Chap. IV. Of the formation of 5 other b bows of leaſt refiſiiinee; 

Chap. V. Of the bow of. greateſt velocity, or of that which will. 


render a ſhip more capable to carry fail, and at the fame time will divide: | 
the fluid with greater facility. 


Chap. VI. To determine the "OR of the bow of greateſt velocity, 


when it is terminated by a fimple horizontal draught. 


A table of the dimenſions of a curvi-lineal bow of the greateſt velocity. 
Chap. VII. Of the figure of the after part, when it is terminated by: 


a ſimple horizontal Urapght, and. the. method to be * N to form. 


frigates. 
Chap. VIIL. The ſequel of the RSS AR an examination of the. 
aſter part, when it is a conoid, and how to form a frigate. 

A r of the dimenſſons of the conoidal after 1 which contri- 
butes to the greateſt poſſible degree of velocity, by the ng eee it re- 
ceives from the reflux of the water | 

Chap. IX. Of the form of tranſports, and of thips of war ; and of « a 
new form for frigates.” #8: 
The firſt ſolution. | When the bow i is formed by two vertical planes, 


The ſecond fol ution: When the bow i 1s: term inated by one inclined: 
plane a 

A particular method to form. Wipe of war and: frigatess. 

Chap. X. The ſequel of the preceding: An examination of the Par- 
ticular form propereſt for the bow of a tranſport. 

A table of the dimenſions of a bow of greateſt. motion, which, ; 
our author tells us, differs from. that of greateſt velocity in ſome caſes. 

In this laſt ſection our author obſerves, that it is very doubtful whether 


| that figure which meets with the leaſt. reſiſtance in dividing the vater, 


may be the moſt advantageous to acquire the greateſt degree of velocity 


for it is poſſible that a bow, which meets with a little more reſiſtanee, r 
2 = ſhip capable. 0 of e a proportionate Hy of 18 


25 


—— — 


= Ga 3 . the twa. bowy 1 we © may di tingah, by 
= - the one that of the leaſt reſiſtance, and the other that of: the, ar 

—— locity, ſhould have ſuch an affinity to one another, | ſhox 
I = eat meaſure, artake of the moſt ellen roperties of the: ( 
= He then proceeds, in his uſual method, by an algebraic proce in- 
1 5 veſtigate the form of ſeveral hows; and, to fave. his readers the — 4 of 
.  __ ax intricate calculation, has conſtructed. tables of their ſeveral dimenſions, : 
wich we. ſhall. hereto ſubjoin and illuſtrate, by forming one of _ 
_—  - e | wn eſe Fe en ſerveas aſpecimen ſor all the teſt. 
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: ance only, toben they are not wholly immerged. 


When the Axe of the Bow is elevated 100 | When the axe of the Bow is elevated abc 


: © parts above Fo Surface of the War. s above the ſurface of the ſen, ' * 
* Te 3 pn | f inates, g Abſciflz, , Ordinates, . 
| the axis. | Breadths. 3 5 ; 
4þ--45- 
- 21 | 1070 2388 
: 83 | 125 | 2910 
150 1175 J 3478 
264 | 1250 4059 
347 | 1300 | 4682 
435 1350 | 5969 | 
527 | 1400 | 7329 
721 | 1500 | 8753 
: 927 | 1600 10239 
1145 | 17 11781 
T A BLE V. Of the Dimenſions of a Curvels neal Bow of the greateſt V ape 
Firſt Figure. { __ Second Figure. _ = Third Figure, 2 Fourth Fieure. 
Abſciſ I Ordi- q 1 Mo- Abſciſ. Ordi- Mo- 
or parts}nates, - ar parts| nates, Impul- ments, 
of the -Jof theſor halfj fions, jor ſta - 
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figure re- 


courſe, or in any oblique courſes which do not 
This bow has that particular property, that it will 


reſiſtance, without regarding how deep it 
the ridges, Al S, and 


. 


EE 


1 of 1 we; give ak abſciſſa * PORT j it is of that n 
bud ibs from the ection of the ſurface. ABR $, cut vertically and per- 
pendicularly to its length; the point A being the origin of. the abſciſſæ 
—_— along D C. 

On Table II. He ſays, we muſt take the raluo of each abſciſſa from 
a ſcale of equal parts, and lay it off from A to X, or to C, on the ſtrait 
line A C, Fig. 18, beginning always at the point A; and then make 
the per pendiculars X V ech CD oqualitc to the correſponding « ordinates i in 
the table. | 


We ſhall n now give our r readets the ſubſtance of his Concluſion. 


Aſter having, to the utmoſt of my power, ſays our author, executed 
every part of the engagement I undertook, it will be proper now to re- 
capitulate the principal things I have explained, eſpecially ſuch as relate 
to the figure of the ſhip ;. and I ſhall make no ſcruple again to affirm, 
that, I believe, I have given infallible rules to the builders, to determine 
their choice of the different plans that may be preſented to them of the 
ſame ſhip, We have, in the ſecond book, explained all that concerns 
a ſhip while a-float or at reſt: We may know if the whole weight be pro- 
potions to the ſolidity of the immerged part; if ſhe has ſtability or 

orce to carry ſail; or if ſhe carries her guns high enough out of the wa- 
ter: And, in the third book, we have given proper rules to aſſure us 
ſhe will fail well; drive but little, when cloſe hauled upon 4 wind, and 
readily anſwer all the motions of the helm. All the other qualities arẽ 
ſubmitted to the proof of a calculation, which coſts but little labour 2 
Even ſuch accidents as ſeem to depend on very irregular cauſes are con- 
ſidered; ſuch as the duration of the vibrations occaſioned by rowling, 
and thoſe of pitching 3 we may judge of them by examining the diſtri- 
bution of the weights, and in what manner every parucullar: weight i is 
ſupported in every different circumſtance. | 

Geometricians think no labour too hard, and do not ſatisfy n 
With what knowledge they have acquired, but are 4 puſhing 

their reſearches to the higheſt pitch ; notwithſtanding all this, we muſt 
ſometimes have recourſe to experiments on ſhips already built, which 
may ſerve as a term of compariſon. By theſe experiments we may, 'in 
an inſtant, diſcover things which could not be done any other way, with- 
out a great deal of labour; and, in forming another ſhip, it may ſuffice, 
to take notice of their different dimenſions, and the neceflary copia, that 
may occaſion ſome alterations. | 

Me have endeavoured, out of an infinite number of forms,. to <3 
aut the beſt ; ind where the . of dißſerent 8 to 
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ry a cer DIO 10 4 bi wg re ſearched the prod 
van geous e to vigor tee —4 maximum. We n may, with 


time know how far we may carry the others. 
We have ſhewn, that the extreme breadth ſhould be 470. elfte if 
| the length, from the fore part, which is the poſition beſt ſuited to "make: 
| the ſhip anſwer the motions of the helm; but it muſt be carried à little 

further 15 5 to make her ſteer well ow the alliſtance of the ſails, 
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We king! in ad wy deck ex ned S n of + Abr 
the midſhip p. frame, which apy] 


improved by We een in the ſe- 
cond and third books. 


= Suppoſe we cannot perſuade ourſelves to abandon the common prac 
tical rules, nor venture at once to go o to the utmoſt point of rfeion, 
yet it is to be wiſhed, that the breadth and depth hould Hl, wh ut a "ay 
fmall proportion to the length it is a matter of great impottance, and 
merits the utmoſt attention of the builders. The fection of the midſhi 
frame ſhould be a triangle i in light frigates, but a rectangle i in ſhips act 
for burthen, + In theſe laſt, the breadth is continued the fame as In mid- 
ſhips, for a conſiderable ſpace, nearly the fifth part of the whole length. 
he common rules are very well adapted to the building of ſach Pins: 
and want very little amendment, but are very, deficient in the frigates, 
which begin to narrow, both fore and aff, from the very midſhjp frame. 
The ſhips of war, as it were, keep, a mean betwixt theſe two; ; they. are 
- thips of burthen, but their great weight is ſituated ip a very inconve- 
nient manner, their center of gravity being too near their metacenter ; ; 
they muſt, on that account, and on account of Kees wn, fo their metal, be 
broader in proportion than other ſhips 
Phe principal dimenſions being eſtabliſhed, we may form the rib- 
bands, and ſo the work will be compleated. We may uſe the method 
of approximation, deliyered in the XIth chapter of the firſt ſection of 
the firſt book; or conform to the tables, which we have with great pains 
bs calculated, and inſerted at the end of the laſt ſection, that the practical 
part may-receive all the benefit that may accrue to it from A 
* 'So far M. Bouguer and here follows what M. Dubamel hay ſaid on 
che center of f gravity, : 
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| certainty make which property we pleaſe predominate and at the fame | 
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vv HAMEL in this edition, ls 8 | ven us an achat Chapter, 


L 1 Heid Edition on the _y Gravity. 
M. 3 he explains a method to d, whether or no a ſhip 1 will 


"They = OO le en which he fixes the ſtability ot dine of 4 (hip fo 


prope Rang the center of gravity of the Whole body, . including, as 
maſts, yards, guns, &c.-that are above the _— as the am- 


inutſios, ballaſt; 2 that are below the water; and in ordet to give 
Ve a diſtinct idea of that term, the center of gravity, he proceeds in the 
| $ollowitig mater: 
It is eafy to conceive that the fare quantity of any matter may be 
put in different formas, but it will {till be the ſatne weight ; for a piece of 
ad in fotm of a globe of one inch diameter, may be extended ſo a— 
to cover a circle of one foot or more diameter; but it is plain the lead 
will be the ſame weight in both forms, and if it wete poſlible to ptefs 4 
ſo as to become a gabe of one eighth of an inth Len or le, ch 8 
ſmall globe would weigh as much as the other great one; but Ren 
the ce parts of matter cannot penetrate into one another, this cannot be 
Let us then ſuppoſe the whole weight of the globe A (Hg. 20. : | 
to be united into one point a, and we ſhall have an idea of what in 
mechanicks is called the center of gravity. | 
The center of gravity then, of any body, is that po 
within or without that body by which if it was alpendel, or Sr 
which, if it were ſupported, it would reſt immoveable in any fituation, 
as if the weight of the whole body were united in that fingle point. 
Hence, to and the center of gravity of any body, is to find that point, 
upon W which, if the body reſted, all the other parts would be in an equi 
Hbrium. It will be neceſſary, firſt, to ſay ſomething of the equilibrium: 
for then we ſhall eafily explain what is to be faid on the center of 
VI 55 | 
|... oy of the equilibrium, I ſhall explain the balance, becauſe the ; 
uſe and · conſtruction of the balance, and of the equilibrium, are fontxdeg oh 
the ſame laws, - 
The balance (Fig. ar.) confiſts of a beam A B, and a falcrutl or 
of Hupport C, the center on ond the beam moves, and if this be i 
JD 2 £7 - a6 
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reſts in equilibrio, it is tl 
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—_: Pint may be conſidered as on 

A ee it may be bonlidered as the axis of the equ 
© © okay, axif forced by  lingpating thre” be cemer at ec If dve 
E | | = a plane mth "he | eam in the point C, we ſhall then have . 
. Alea of the plane of the equilibrium 3 that is a 4 195 of a. pla 5 

4 the center, of gravity is ta be found. . Pat dae 2.5 | 

1 5 In order to make the beam 4 alance true, the arr s 'f ( 

= REED * auſt-be ex * of 1, and likewil S the weight of 0 one arm 5 
wü de egal do that of the other, and 5 fulcrum mult be appliec | 

1 ER nefs, and, fy Ppo poling a all i its points. to be e i 
= Wi an equal tendency to the center of the earth; and + PRES 
BH pPoints betwixt © gs there are hetyrigt | „the e will re 3 
1 8 11 equilibrio on ho Foes of any os 
= equally diſtant from 5.4 
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f 1 0 


= I it is plain the equi oke, becauſe the ing more ele | 
1 mentary: points on the one fide eb on the pe tl ite 1 be a pre- 
_ Y nderating Tote, © which will cauſe. the line .to incline ;, ; ſo we may 
ceive 1 1 the center of gravity of a line, or a rod, every wt ere of e qual 
Eg icknels and br and all its PUB of Five e will be exact 7 
| em "Hale of theline or rod. erg e ee e e ee | 


5 OT It will not. - amiſs here to remark, tl t in. finding the centers of 
| gravity. of lines, or ſurfaces, we need only: conſider their extent, becauſe as | 
e matter of which they are formed is ſuppoſed homogene Aus, all the 
ts will be equally affected with that tendency they have towards - 
t e earth 8 1 or that force which make bodies deſcend, a wa all — 
* Iti is 140 to prove at the center of 4 parallelogram (Eg. 22. 1 9 in 

the center of the figure; for, ſuppoſing the parallelogram to be form- 

| by elementary lines parallel to AB, as we have already proved, 
center of gravity of a line is in the middle of it, if the line I K be > 
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Is, 


iran the“ the reefiters' of, Fu 1 ae" ihe EPA Ines allet 1 5 
þ it v N e the axis of Fs el Jailibrium i in which the center of gra- 7 
ie figute n mitt EF. be found. Let us then ſuppoſe other 
ih lines Parallel to” B 55 we ſhall have LM another axis 
ibtzum, in which likewiſe the center of gravity muſt be; 
wiſe the | zoint. N is the only one, common to both axes, it 
muſt be the center of gravity ; hence, the center of gravity of a parallel- 
ogram "muſt be im tlie center of the figure ;/ and for the ſame reaſon the 
centers of gravity of circles ellipſes, of- polygons, of any even number of 
fies, will de in the e centers of the ee as is bier OF a bare inſpeQiont 
of the RS NS + Mob 
It will be as eaſy to find the center of g Wa of any tage (Fig. 2 3} 
flier ſa} ppoſing it formed by the elementary lines A B, we have CD, one 
axis of the equilibrium; again, ſuppoſing” it formed by the elementary | 
nes BF, we have G H, the other axis of the equilibrium, ſo fhall N, 
the point of their interſeQion; be the center of grav ity of the triangle; 
hence, the center of gravity of any triangle will be in the point of in- 
terſeckion of two lines biſecting any two fides, and drawn from the 


45 angles oppoſite to thoſe ſides. od we ſuppoſe a regular pentagon; 


(Fg. 24. formed by elementary lines A B, we ſhall have the axis BC; 

again, ſuppoſing it formed by the elementary lines EF, we ſhall have 
the other Axis S H, fo ſhall N, their point of interſeRtion, be the center of 
| gravity of the pentagen. 

As by ſuppoſing all baer to Bi formed by lines, we have diſcovered 
an eaſy method to find the centers of gravity of regular ſurfaces, ſo if we 
conſider ſurfaces, as the elements of ſolids, we may as eaſily find the 
eenters of gravity of ſolids; for if we conceive the parallelopiped; 
(Pig. 2 5.) to be formed by an infinite number of parallelograms, parallel 
to 4 b, the centers of gravity of all the parallelograms will be in the 
enter of the figures as was before proved; and if we draw a line c d. 
thro! all the eenters of gravity, we ſhall have the axis of the equilibrium, 
in which the center of gravity of the parallelopiped is to be found, and 
as all the parallelograms are equal, we may conclude that the center of 
gravity of the parallelopiped is in the middle of the axis c d; and, for 
the ſame reaſon, the centers of gravity of a cylinder, of a ſphere, or of an 
ellipſoid, are exactly in the center of theſe ſolids. | 
As any. priſm” may” be conſidered as compoſed of turfjced or eli, 
Alices equal and ſimilar to their baſes, and that a ſtrait line drawn from 
en a worky 15 one baſe to chat of its oppoſite, * thro' all the 
l eee 


the middle of that line which is 


to the center ö of gravity of a 
a the 
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„ * a e 
one fourth of tl Jength from t 


now confider the whole weight of the 
nhe of th 


com 8. "Let A B (F. ig. 5 repreſent the. beam of a 

| good balance, four feet long, © thi e now as A BC are ex- 

| a aMly the t. each, an Weight; the 

beam will reſt in equilibrium on the fulcrum If we Der 
dieemities of the beam the weights H 


wn tit eostinn in equilibrium, 
1 75 ta the lever CR of teno fect, as the weight E of 1 pound 
= Ace a fect: But ſuppoſe E 2 pound, and Dr, and pliced « as before. | 


| 1 2 My + 
iv phin * AB . Ane to the fide on | which D i placed, 
becauſe the weights are not reciproeally proportional to their diſtances 
a the fulcrum; and, in acder to regain the equilibrium, we muſt ſhorten 
: a arm of the beam C B, in the fame proportion the weight E is aug- 
mented ; ſo phcing the weight E (Ng. 30.) at the point E, the two- 
weights wilt then be in equilibrio; for now the weights will be reci- 
procally proportional to the lengths of the arms of the lever. Since 
D==1hxAC=2 feet ;. E2 x Fama, which may be: 
proved: by experiment. 
This may be demic 
weights fixfpended to the extremity of the beam, if they be equal, as in 


if E be double the weight of D, * muſt the fulcrum: be in the int F, 
two 3 from the end A; and then D: BF:: E: AF. 
Suppoſing then P, (Fg. 32.) to be 4 pounds, and R 12 Ben and 
ons ſuſpended to each arm of the beam; in order to find the fulcrum, ſay, 
as 16, the ſum of both the weights, is to 12, the greateſt weight, ſo is 


of the ere from M. 


Then P: FN:: 


RF M. 


the fulcrum from C to F, (Hg. 31.) neither the abſolute weight of the 

D, nor that of the arm of the lever AE, is augmented, aner the beam 
is 3 ſed to have no weight: And, to try this by Ar 

as much weight added to R as will occaſion the beam to be in: 

equilibrio- on- the oli. F, before we put on the weights E and D-;. 


the relative force of D; in reſpect of E, is augmented in varying the 
velocity; for if we put the lever in motion on the fulerum F, we ſhall per- 
ecive that in the time B deſcribes an arch, ſuppoſe of 1 foot, A will de- 
| ſcribe an arch of 3 feet: Hence we may ſay, with Des Cartes, that it 
will take as much force: to-move ten pounds with: 20 degrees of veloeity, 
as to move twenty pounds: weight with 10 degrees of velocity. 

Let us endeavour: to make this ſtill plainer. If the two bodies, A and 
B. are of different weights, their center of gravity (or the fulcrum on which 
the rod E D, that joins them, will reſt immoveable) will not be in the 


middle of the line; this will appear very plain, only by obſerving what: 


will happen bo che beam, when there is more weight in one ſcale than in 
the the. 

In order then to find the filet F; on which the beam Ghall' coſt i in: 
equilibrio,. 1 let us — it already found, and that E is double the: 
7 me non weight: 


— — — "mrs — — 


krated alter another manner ; for, ſuppoſing the 
Fig. 3 1, the fulcrum muſt be at the point C, the middle of the beam; but 


MN, 8 feet, the length of the Whole band; 6 to MF 6 feet, the — 
Hence we diſcover a remarkable property in the lever; for in movi ns ; 


experiment, let 


nevertheleſs, the ſmall weight will reſiſt the action of the great one. $0: 5 
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80 4 motion at the lame time; ne; 
albrio till both are 


? _ As 


. neceſſary, that 


difficulty | 25 ng , becauſe. E.is ſuppoſed. 
weight of D, it fy take d the purchaſe to moye it: He 
follows, the ſame force which will make E run over one 


will, in the fame ſpace of time, make D run over two. di 


E be double the weigh i . the weight, it w. 

three degrees, and c as effect is, ! dry propor- | 

tioned. cauſe. II nee 1 nation, | 

J be. double or triple that of k E, its 1 720 'e weight will „ 
triple its real; and if the motion of D be triple 
Fug, wi £7 eſery ne D be only one e third, 
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digre lion, to ſhew the difference! etwixt the ab- 


Which will a us to unde! 
f hereaſter: 
fn ſyſtem of 1 d 
| F ne Brains od » 8 ; an- inflexible: rod, Pa Ung 
through all he centers of gravity, the rod being conceived without any 
% ͤ ͤòll1l ͤ—œòv 1160) no fioa ad gilt 
* : us then ſu poſe the inflexible roc AB (Pig. 3 3.) fling through 
the centers of gravity of the ſeveral. bodies 4, b, c, d, e, % whoſe abſo- 
lute wei hts are different; firſt find the center © gravity. of two, as of 
4 and &, which will be in g, if we make ga (the diſtance of 4 from the 
2 r gravity). to g (the diſtance of 6 from the center of gravity) 
as the weight of þ is 1 that of 4. Then conſidering 4 b. a8 united in g, | 
jet us find the center of gravity of g and c, which ſuppoſe in h, and 
chen conſider the weights a, b, and c, as united 1 in Y; and | then uſing the 
fame proceſs, on the other fide, we Il find | SER of e 


in the point 75 and Con derit we may x 


ſolu te and relative force of, any bod 


re thew how to find the centers of gravity, « 0 
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Fig the center of gravity: of e and 4, which ſuppoſe in J. Now; the 
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[at 5d. rr r e 5 Fog . - . | i 
fu of the weights 4, , and c, being united in &, and the ſum of the 
weights e and / united in J, we negd only find the center of gravity of 
 Fand 7, which will be the center of gravity of the whole ſyſtem, com- 


poſed of the bodies a, &, c, d, e, /; and if the center of gravity be at m, 


there muſt be the fulcrum, on which the whole ſyſtem will reſt in e- 
 quilibrio;. juſt as if 4, %, and c, were put into one ſcale, ſuſpended on 
the point E, and d, e, and f, put into another ſcale, ſuſpended by the point 
ä they would be in equilibrio, provided m were the fulcrum on which the 
beam reſts; becauſe h nis to I n, as d, e, f, placed in I, is to a, G, c, placed in h. 
It is very plain, that if the bodies a, 6, c, and d, e, f, (Fig. 34.) were 
placed in the ſame plane, on different ſides of the axis of the equilibrium 
AB, they would remain in equilibrio upon that axis, provided their 
ſeveral weights be the ſame as in the preceding Ihe diſtance of each 
body from the axis A B, will be equal to the diſtance of each body from 
_ the center of gravity mz (Fig. 33.), that is, Aa, 5 M, cN, (Fig. 34.) 
equal to m, & m, cm, (Fig. 35.) and PB, e P, and d O, equal to F n, 
It is likewiſe plain, that if in a ſyſtem of bodies on the line A B, 
(Fig. 33.) their center of gravity m be in one of the bodies, it may be 
reckoned as a cypher, in Fare to. the center of gravity of. the whole: 
ſyſtem; though its particular weight adds to the weight. of the whole 


* 
1 


* agel my intention here is to confine myſelf to treat of the center 
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of ** conler of gravity we 1 bull above the keel, which will interſect 
the line H H in the point I. 

In the preceding calculations we have ſuppoſed. . hulk to be com- 
poſed of an homogeneous matter, all parts of which, in bulk, will be of 
9 8 weight; now, tho' this is a caſe that can never happen in a ſhip, 

ich contains various things of different weights, yet it may not be al- 
together uſeleſs to the builders, ſince all ſhips of the ſame rate having the 
different weights placed nearly fimilar to their lengths, they may find the 
center of gravity as above, and com paring it with the center of gravity 
of a ſhip, which is known by experience to have all the good qualities 
that can be exp pected, we may diſcover if the center of gravity of the ſhip 
we are to dal be properly ee and beſides 1 it will aſfiſt us to art 
ſtand what follows. 113 

It would be a very erate. and e taſk to wo, he center 
of gravity of a ſhip properly maſted and rigged with all her proviſions 
and furniture — board, and, tho' I do not deſign to engage in the ſolu- 
tion of that point, I chink it would be unpardonable in me not to men- 
tion thè action of a heavy body upon the fluid that ſupports it, and the 
re · action of the fluid on the floating body. 

It was obſerved, inthe beginning of this chapter, that the whole 1 

of any body may be conſidered as united in its center of gravity, and 
that if it were ſuſpended by a line faſtened to its center of gravity, that 
line would reſt in a, vertical poſition, and its direction would paſs thro' 
the center of gravity, and the center of the earth ; but a body which floats 
in a fluid i is not ſupported by its center of gravity, but by the preſſure of 
the environing filaments of water, which being Shae Paul as infinitely 
ſmall, — es will act upon an infinitely ſmall portion of the ſurface of the 
floating body, relative to the ſpecifick gravity, and, in proportion to the 
height of theſe filaments, conform to a principle applicable to all 
Aide, namely that the WES: of a column of any fluid will be; in propor- 

_ Supp. 5 L tion 
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f | fold body, in the fame manner that gravity acts pn". 1 parts of 


2 cific 3 gravity of the Bud, and the height f the Sen 


The prefſure of the fluid vlog upoh all the ce 


matter, the effect of ſuch preflyre will be united in a ſphere of wax, of 
the ſame ſpecifick gravity with the fluid, and which is intirely ſubmer- 
2 procitcly to the ſame point as the center of gravity of the ſphere of 
wax; we muſt then conceive that the preſſure of the fluid acts im- 
mediately on. the ſurface of the ſubmerged body; but its action is united 
"my its center of gravity, juſt as if it exerted itſelf upon every part of the 
ſolid body. Wax is nearly the ſame weight with water, and if one ſinks 
A ſphere © or ball of that matter, its preſſure on the fluid will be united 
Ptsciſely in its center, or in the fame point in which the Whole weigbt 
of the ball does act; ſo in that ſuppoſition the center of tlie preſſure of 
N fluid coincides, with the center of . the action of each being 


"But this is not 1 1 as heavy dene by hole gitdiry, denen to 
e the center of f the earth, in a vertical line paffing thro” their cen- 
cer of gravity, tending ditectiy towards the center of the earth ; fo the 
mow of uids endeavours tq carry bodies in a vertical tending f Goin the 
center of the earth towards their ſurface, and pafling thro” the center of 
gravity of the ſubmerged part which forces them towards the ſurface; fo 
in any ſubmerged body at reſt, theſe two oppoſite forces coincide i in the 
fame vertical, acting i ina quite contrary direction to one another. FL, 
We muſt conceive then all heavy bodies endeavouring to approa 
the center of the earth, by a ſecret force inherent to all the parts pp 
matter; ſo, (Fig. 52.) the globe of lead 5 tends towards the center of 
the earth in à vertical ſtretching from the Fin 25 ſuſpenſion a, khro. 
the center of gravity „ + . 

Thoſe bodies that weigh leſs than: a enen of” water, (ol the 0 


| bulk), in which they-ſwim, endeavour to riſe by the preſſion of the fluid 


in a vertical line tending from the center of the earth to the center of 
gravity of the ſubmerged body; ſo the globe of cork 4 tends towards 
the ſurface in a vertical line ſtretched from the 9 80 6, to Which it is 
faſtened to the center of gravity of the body . i wel 
Let us then ſuppoſe two hooks @ and c faſtened to the dente . 
of the glaſs cylinder A, B, C, D, full of water, and let a ball of lead be 
ſuſpended by a hair to the hook a, and one of cork, faſtened by ano- 
ther hair to the hook c; it is plain, if the cylinder be upright, the ball 
< lead will deſcend towards e, with a force equal to its ane leflened 
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a force equal to the weight of water it diſplaces, leflened by the weight 
af the cork, and if the hair that faſtens them be cut, they will be 3 
by contrary forces, b deſcending i in the vertical a c, and 4 aſcendin 
the vertical c a, they will meet in the fame point e, of the axis Fl 
e, AB CD. But if we' ſuppoſe the cylinder inclined as' in ( Fig. 
53.) each body will take a different vertical, but parallel to one another; 
5 that if both were let looſe, þ would deſcend towards 5, and d aſcend 
towards g, and never meet. Let us ſuppoſe them joined by a rod 6, e, d, 
of the ſame weight with water; it is plain that each body will obey the 
force that acts upon it, & deſcribing the arch bg, and 4 "deſcribing the 
arch d h, they will place themſelves in the ſame vertical, parallel to af, 
or cg; and if the force which the preſſure of the water exerts on d, be 
greater than the force of gravity exerting on &; then will 4 draw þ to- 
wards the ſurface of the water. On the contrary, if the force of gravity, 
acting upon 6, be greater than the force of the preſſure of the water, 
acting on d, then will & draw it towards the bottom: But if the forces 
be equal, 4 and d will reſt in the middle of the fluid in the ſame. vertical. 
The two bodies will then turn round a point in the rod 5, e, d; but it 


will not be eaſy to affign that particular place; it appears chat if b en- 


deavours to deſcend with a greater force than 4 to aſcend, in that 
caſe the center of rotation will be neareſt to d, and, on the contrary, if the 
force that raiſes 4 be greater than that which depreſſes 4, it will be near- 
eſt to 6. Hence, in all heavy floating bodies which are at reſt, the cen- 
ter where the effect of the gravity of the body is united, and the center 
where the effect of the preſſion of the water is united, are in the ſame 
vertical, tho! ſeldom in the ſame point, as in a globe of wax which 
was ſuppoſed to be:of the ſame ſpecifick gravity with water. 

In order to apply theſe re na to ſhipping, let us examine whit 
would happen to a ſtick, ſunk endways perpendicularly into the ſtanding 
water. Now this ſtick (Eg. 54.) being ſuppoſed all homogeneous, its 
center of gravity in air would be in e, the middle of the ſtick; let us 
ſuppoſe the ſtick ſo light that it ſinks perpendicularly only to d, the one 
fourth of the length a 6: Now the ſtick being an homogeneous cylinder, 
the center, where the whole force of the column of water py Is 
united, will be in e, the middle of the ſubmerged part. 

Now, admitting all theſe ſuppoſitions, it is plain, when the Rick is in 
A vertical poſi tion, the two oppoſite forces acting in the ſame vertical 
line will deſtroy. each other, and the ſtick will reſt in that vertical poſi- 
ion ; but if the ſtick be but a little inclined as ip G 55.) the caſe will 
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2 We may co om this experiment, Aer! floati 
=—_ recover its vertical woken when. the NEON. 


in this laſt caſe, both act in concert to overturn the: body, wher 
; the firſt,” both join to preſerve its uprig ht Poſition. © ebe e 
e "was. before obſerved, that nt ſhifts; on Which 
and d are turned round. We 
be according as the force of c or predominates. 0 
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| difficulty that a will Grid in dif placing the fluid, to bring itſelf to i, or 

that 6 will find in bringing -itfelf to Y; and it is poſſible, it may vary 
according to the different inclinations of the ſtick. If this point of ro- 
tation were invariable, and a method of finding it could be obtained, 


— might then, without regarding the preſſure of the water, Kadw 
W Fre: 


: ird; | Abcording to . 


10 al. I. ſhall explain this by an experiment, which may be made 
N by a well-known toy, or play-t nog for child e. 
Every one has ſcen (Hg. 60.) the ſmall ivory pupp: 
weelf in a vertical poſition, upon the point of a needle, by the aſſiſtance 
of two counter weights, c and d, which being joined together 574 wire, 
are placed a good way below: the pivot that ſupports the figure. 5 
I! he wei —— of the figure is eſteemed as nothing, when compared 
with the 5 and 1 ſo the center of gravity of c and d will be 
towards m. If the figure is inclined towards i, the weight & will be 
carried towards e, and the weight 4 towards I; ſo the center of gravity 
will ſhift towards 1; and as: it ſtrives to approach the center of the 


earth, and place itſelf in the vertical n b, the figure will recover its firſt 


ſituation. It is evident, that it will be quite otherwiſe, if the weights 
„ 3 are ans LCC 


From ee T oO may. a PH Firſt, 10 90 3 the yy 


upright, the two weights; c and d, muſt. be exactly equal, or their dif- 
ference adjuſted by their diſtance from the line 4-7, fo that their center 
of gravity may he in that line: 5 mn. Second, It will be neceſſary, that 
the counter weights be below the axis of rotation of the whole ſyſtem. 
Third, The further the weights are below the axis g þ, or the point 6, 

the greater power will they have to recover the vertical poſition of the 
figure. F ourth, The nearer the weights are to the point , or line g h, 


the leſs will: be their power to recover the vertical poſition of the figure; 


and they have no power at all when the weights are placed in the line 
gh. Fifth, When they are placed above the pivot, they will both con- 
tribute to overturn the figure; and the greater their diſtance above the 


men The Ea — —_— to overturn. the er, an order then to 
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| there is a great difference 


= regular ; ; but it is not ſo with regard to t 


5 „ ſub-merged. 
⁰⁰ꝶb;bꝙœ In order apply: what has boo Bid to Thippi ins, let us examine the 


=_ -. ſeQion 
= Line of flotation, and 5 the maſt, of the ſame ſpecies with the ſhip. 


3 It was before proved, in Chap. VIII. of the Appendix, that the weight 


3 Xt wdibe whole ſhip, . likewiſe 1, the point where the pr 


. 5 wk k, and that of 8 0 preſſure of the water in i, the 
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equilibrium, 
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his important point, which M. Bouguer calls the metacenter; — 4 


_ eaſily be found in floating b bodies, if the center of their motion were in- 
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IIIIlt is not my intention to follow M. Bouguer through the Laribus f 

. 01 his elegant inveſtigation of this point. We ſhall here Obſerwe t 

twixt M. Bouguer 

— ee, of floating bodies. Though, in Fig. 601 they be exactly the 

ame, yet in floating bodies it will be quite otherwiſe ; and it is poſſible 

15 point of rotation may be continually | ſhifting, from the time the 
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ins its vibrations till it arrives at ach 


e me M. Baugue 
bas proved beyond diſpute; and 0 is certain] the metacen er in Hg. 6: 


. | . cyli 
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Fig. 62.) lying in the water, of which let 4h d be 
perpendicular to the axis; let 7 2 F teprefent the hold 
5 contains the ballaſt, &c. e a and 


the whole 2 ncluding maſts and rigging, and all above water, as 
„ wel as all below water, was equal to the weight of that column of wa- 
ʒzf.E ᷑ ũn! oa diſplaced by ſub-merg ed part. Now, g, the c nter of gravity of 
2: oa united, muſt both be in the vertical plane 5 55 s muſt always be | in the 


W of gravity of the ſub-merged part e 5 /, ſuppoſed homogeneous ; 


% X 


v7 


* „rx, which is the ſame thing, the center of gravity of the column of wa- 
—_ - ter er d 


the ſub- merged part. — e n 12 388 i : 3+ + 1 „ rpes. Boa 
bad ſtowage, the center of gravity of the ſhip 


would in- 
. cline fo f wo. 6 till the two centers, & and i, ſhould be in the ſame 
: vertical Im (Fig. 63.) the ſhip would then come to her bearings, and 
lay faſt in the water, but in a very bad condition for failing. | - 


— 


BH 5 Now, as the ſcion of the cylinder e / Ji when it is inclined, is ſimilar 


and equal to the ſection e h 5, when upri t, it will follow that 1, the 
Center of preſſure of the water, will be in the vertical Jm; for it 
5 will always be in that line which ee the line of flotation. In this 
Fe caſe, the metacenter does not ſhift, becauſe the ſection being a circle, all 
©, tte verticals will paſs through the center 3 tho', in any other form, this 


+ —--* - — 


of the pi yoonittts - 


ietacenter'and: — 
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* 


for if it ſhould: happen to be otherwiſe, - by the ſhifting of the ballaſt, or LY. 


point . gut hi igher or e 3 to the gelbes of the 
body: But it wer de found by M. e $ method che inclination 
being g wen. Me 54 

It will be proper der Cen that the center & n of the 
0 ſhip- will always continue in the fame point, even when the ſhip heels; 
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any other accident, it would be of very dangerous confequence. If chen 
the center of gtavity be in g (Fig. 62.) in the line 6 b, it will continue 
in that line, when the ſhip lays over, as in Fig. 63; for it will not be 1 
in the vertical Ju; bot it will endeavour to place itſelf in that poſition; Die 
and the force of the preflure of the water, exerting itſelf in the direction 
of the line In, both theſe efforts united will contribute to right the „ 
ſhip - and this will always be the caſe, if the center of gravity, g, be not 
placed aboye the point e towards 5; for, in that caſe, the weight of the | 
ſhip, and the Freſſure of the water. would both contribute to heel: | 
the ſhip. 
We may, About havin g W to M. Bouguer's geometrie nicety; 
ber how dangerous it would be, to raiſe g, the center of gravity: of 
the ſhip, to any conſiderable. height above i, the point where the pre- 
ſure o "the column of water diſplaced is ce agg as in Fig. 64, if the 
center of gravity be placed in u, no ſooner does the ſhip begin to heel; 
never ſo little, but the force of gravity acting in the direction of the line 
2.0, will cauſe her to heel more, at the fame time that the preflure of 
the fluid, united in the point , acting in the direction of the line , N. 
will {till raiſe the body higher; and both theſe forces will continue to * 
act in concert, till. Fol It come to be in the ſame vertical n. It is 
now very plain, the more we raiſe the center of gravity towards þ, the 
more we lower the center of preſſure of the water towards 6, the 
greater force wilt theſe two powers have to overſet the ſhip: It is like- 
wiſe plain, that if the center of gravity were placed in c, it would con- 
tribute nothing either to heel or right the ſhip. Laſtly, the nearer we 
come to 5, the more will it contribute to hen the ſhip upright; and 
when the center of gravity is below the center of preſſure of. the 
water, theſe two will act in concert to keep the ſhip upright... 
The center of gravity muſt not, at, any rate, be placed above the 
point c, which M. Bouguer calls the metacenter; but it: will be proper 
here to remark, that C, the center of the arch e þ , (Hg. 61.) will 
ſerve to limit the center of gravity, even When the body is ſo light as 
to ſink only to g 4 5, in an upright, or to 2/4, in an inclined poſition; 
It 1 is eaſy to perceive, if the | center. of e be in the line * v. 
Where 
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or diminiſhes in proportion to the length, we may fay, that in ſhips that 
Qaffer only in length, their ſtabi ty will be in proportion to their len: 
At will be quite okerwiſe! if we alter the breadth; for, by enlargir 
in, and by diminiching the brendth we leoſfe 4 great deal of the 
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Sa | he greater dil :afthe length of the lerer is increaſed” or 
1 25 che metacenter is raiſed; and the height of that point is augmented in 
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wn creafed in p opt ion to the cube of the ben dh! For examp ; without - 1 
altering the other dimenſions; let the breadths be doubled, we thereby 
| Soubie the weight, which, acting upon the arm of a lever, double the 
kngth will be quadruple, ſo the ſhip will acquire eight times the ſtability. 


We may prove this by an experiment upon 'two models, tho one double 
the breadth of the — ika ruler 517 (Pg. 65) be erected perpendicu- 


har in the middle of each, and a plumb ine kſſened thereto, and if like- 
wiſe an equal weight v, be ſuſp to each lever h n, we ſhall find, 
by the angle the plumb line makes with the ruler, the ability will be 
28 8 to 1. We may likewiſe prove it, by comparing the different angles 
made by che ſame weight, or which, pethaps will be more fimple, let: 
ide inclinations be equal, and, ſuppoſe the one model three times the 
breadth of the other, then we ſhall find that it will take 27 times. more: 
weight to produce the ſame inclination, or the ſame weight placed 27 
times further from the axis than the other. Hence, in general, the ſta- 
bility will be in proportion to the cubes of the breadths, provided all the: 
other dinienfions be equal, fo if the breadth be e as 1 h 5, the ſtabllity 
einn FOR, for 27 is che cube of 3. * 
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acute angles are at the ſtem and poſt, which M. Bongner has proved to: 
de four times the Rability of the other, Now pos by increaſing the 
breadth, Ihe wake lines beeome leſs fair, and therefbid: meets with more 
veſiſtanee in dividing the fluid, it will not from thence follow "that will; 
binder her falling 3 on the contrary, as ſhe will thereby carry a great deal; 
4 more fail, it may aft her going. 95 
Me have hitherto eenſidered the este ab homogeneous hut it 10 evi. 
dent, che ſtiffneſs of a ſhip very much depends on flowing the hold, as 
may Seen; be lowe trek. l 
If we only neren the depth, without enlarging” either the = or. 
breadth, all the ſtability we can gain will be in. the. Rowage' 
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to nder the 5 25 and picking ; ; we have already ſhewn that the 
towling mag be very much prevented by ſtowing the hold 3 the form of 

To explain this by an example; let us ſuppoſe the ion 95 a Mo. 
perpendicular to the keel, to be exactiy round as (Fig. 63), it is plain, 

Af this be ag gitated | in the water, it will have nothing to ſupport it, becauſe 


diſplaces n more water when inclined than when upright, and of 


nce would rowl prodigiouſſy. But if we put a plank. below 5, 
e to g, to run quite fore and aft, it is plain, when the ſhip is in- 
lined to the right, the plank g will diſplace a column of water to the 
left; which will retard her motions, and this obſtruction will alwa ys act 


contrary to the way the ſhip. heels, and will very much diminiſh. the 


cowling, but will add very little to her ſtiffneſs; for, admitting the ſhip 
to heel as in (Fig. 63.) the plank & g would contribute very little to 


bring her upright. But the de pth of 58 keel, the riſing of the floors, 


as the plank 5 g. 


In regard to the pitching, Lim of opinion, the beſt 3 * can 
be taken r will be to proportion the capacity of every part to the weight 


it is to contain, and it will be very dangerous to depart from this rule; we 


2 of it in the June of Go guns, which, wanting s capacity 
all proper 
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and the fore-maſt g uns aft, yet all their endeavours. proved unſacceſaful, 
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it ants 59 wot he: 1 to build a bad Kip. on purpoſe tc to try . 
periments; „ but when we find a ſhip that has ſome: bad qualities, it 
will be of ſingular uſe to find the proper means to remedy the fault. 

In order to comprehend the means to be uſed to prevent the bad con- 
ſequences of violent pitchings, let us ſuppoſe a ſhip at reſt, and a ſea. 
taking her afore; if the bow be well ſupported, that. is to ſay, if the fore- 
| moſt frame be pretty full, and her. breadth line of the riſing of the floor 


not carried too high, this veflel will infallibly riſe with the ſea; it is true, 


when the ſea leayes her ſhe will fall again, but it will be eaſily, becauſe. 
the breadth: increaſes gradually, even above the load water fl Find this: 
belling. of the body, being gradual, will hinder the ſhip from falling with 
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0 deavour to explain 1 in the manner following. Water, according to its 


depth, is by its own weight compreſſed together, againſt the ends, fides, 


Wo” bottom, in all directions; if the body placed therein be not ſpeci- 


cally heavier, : the water will bear it up, and, in proportion, as the body is 


lighters: he more it will float out of the water; thi s is familiarly known, 


but the applying this to the preſent purpoſe may bear FR in this! 
FA manner. ek 


Water, or any Wach Placed in a box, or veſſel of any Sgure, preſſes 


0 all the ſides? with a force equal to its depth, and, at the ſame 


e; the whole * on the bottom. On the contrary, when a veſſel - 
ced in water, water preſſes the ſides and ends inwards, and 


vi rds, under th Waden with a force to bear up the veſſel, ſhip, or 
any other figure * Hüte ver, that is not eee heavier than the 
A | 


een this ody, as it is - aig tagte with the water 
prefling againſt it on at duecton, muſt put all the parts of the water 


that are next, or near it, in a ruffle and ſort of confuſion; the particles at 


the fore- end of the ſhip, near the bottom plank, appear to be conſtantly - 


removed by particles of the current prefling in, and im pelling _ 
againſt them, and fo one after another; but when we come to a more 


ſtrait part of the ſhip's fades, and the declining part of the ſhip's bottom, 
the particles next the plank are not ſo ſoon difpaced ; this appears, from 
obſerving the graſs that grows on the ſides of the ſhip ; it ſhall be ſeen to 


grow right out, and wave backwards and forwards- from the ſides of 


the ſhip, as if the water had no motion, when at the ſame time, the ſhip. 
may be failing three four or five knots an hour, or more : This is, in part 
the caſe when the ſhip's bottom is clean, but much more ſo when the 
bottom is foul. This atmoſphere, or carrying part of the water along 


with the ſhip, is what I have here called friction, and is to be conſider- 


ed, and muſt be taken into the account of the reſiſtance. In order to 
form ſome conception thereof, the ſolids, repreſented by the figures, were 
contrived, being turned exactly round, and the water preſſing in all | 


directions, they are by me eſteemed as ſingle lines. 
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10 contrariwiſe it is reverſe. 
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ne ubband; a line drawn from o to F, will be the line in which the plane of the 
= 4 timber interſects the plane of the ribband: But then, as theſe planes are not 
1 5 rpendicular to one another, the angle F 04 will not be the true bevelling, 

Anleſs the bevel be ſo applied that the tongue may be in the direction of the ad 
* _ __  ""Tibband, and then the ſtock cannot lay flat upon the fide of th timber : 
Hs 1 Which reaſon this method will not do for practice; for the foreſt ; 
way to take any bevelling, is when both the ſtock. and the —_ of the: _ 
| bevel are ſquare to the timber. 
= In order then to find the true bevelling;u ona ; ſquare, the e e in. 
—_ "+ ch the ribband interſects the timber muſt be given, as well as the an- 
neue Fo; and likewiſe the breadth of the 8 : Now if theſe three 
_ be given, the ge yon the MEE my with. e be found t wy: the 
8 follow method. . 
T -- * Eerthe diſtance betwixt the parallel lines AB and E F. be; the breadth 5 
1 5 af the timber; B 4 the direction of the ribband; and 4 b what the be- 7 
—_ NS, is without a ſquare. (See the Fig. under the Scale, Plate VII.) | 
Noa, that we may the eaſier conceive how this bevellin g may be 
”. ond, let us ſuppoſe the timber to be quite ſtrait, ſuppoſe the partition of 

. the cheſt, Page 124 ; and firſt trimmed ſquare. Then, becauſe a 3 is 
=o what it is without a ſquare, it is plain there muſt be ſo.much lined off the 
aft fide of the timber; the line a B will be the breadth ef the outſide of 
Lt  _ the timber, in that direction before the wood is taken off; and if BD 
= : - _ be made equal to Ba, and Dd equal to ab, and the angle at D a right 

bone; then it is plain the angle A B d, equal to the angle Fo b, will be the 
=. : bevelling, if the tongue of the bevel can be kept in the direction of the 
_ line Ba: But when the ſtock of A bevel. i is laid flat on the ſide of 


a r heſe directions are again inſerted | in the Supplement for the benefit of the 
=. 5 Parchaſers of the firſt Edition, 
8 | | ae 


101 15 . 
Sete . 3 will naturally be [perpendicular to the plane of 
| r, Which will be in the line BF; and if F be made equal 


and parallel to D 5 then | will the 7 A B 7. be the true ele 
up O a ſquare. . 
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1 0 DEMONSTRATION, (Plate VIL) 
Os he tight angled triangle 2 F B, B P the breadth of 


the tinter is 


1 given, and aB the common ſection of the plane of the ribband, with the 
plane of the timber; again in the right angled triangle h 4 B or B D d, its 
equal, we have a B or BD the breadth of the timber in the direction ä 
the ribband, when the timber is yet ſquare, and 5 4, or D d, what the : 


beyelling 3 is without a ſquare, | ſo-the angle ABD will be the bevolling. 
But if B F were the common ſection of the ribband, and timber, then. 


the line of direction would be ſquare to the timber, which does not alter 35 


what the bevelling is without a ſquare, viz. the line a B or D d. 2 


In the right angled triangle F By, F, and F B are given, hoe wo: 


Have the angle A B , the bevelling on a ſquare ; but it is plain the rib- 


band will bs higher on the aft than on t fore ſide, when in the after 
body, and the contrary when in the fore bady ; tlierefore the heighth of- 


the ribband muſt be transferred from the contra to the moulding fide; 


_ which muſt be the ſirmark when the bevel is ſquare to the 1 ſo 
the firſt thing to be done, is to find the height of the ribband, on che 


contra ſide, for its. heighth onthe moulding ſide is ow before the tim- 
ber can be formed. 
Before we give direction how to find this, it will by: proper to. obſerve | 


firſt; that tho' the planes of the ſquare timbers interſect the planes of the 


ribbands in the diagonals, in the body plane, yet the cant-timbers do not, 
for the plane of the th ribband cuts the plane of the faſhion piece, in the 

liner F, and not in the line 5. Secondly, we muſt remark, that the 
Preadth of the timber muſt be determined, which, ſuppoſe E e in the 
floor plane, ſo ſhall B repreſent: the foreſide of the faſhion piece, on the 
floor plane, it being parallel to FP, which repreſents the aft fide: Let 
Fe be ſquare to the point F, ſo the fore ſide of the plane of the faſhion 

piece muſt be broader than the aft fide, by the length of the line Be, that 
being what its bevelling to the ſheer plane is without a ſquare; this being 
premiſed, we may find the heighth of the third ribband, on the contra ſide 
of the faſhion piece, and from thence find the bevelling of the cant tim» 
ber. by the e methad : 5 
1. 


ſquare; ſet this off on the perpendic 
* he 58 the line #4 paraſleto RO. 
8 2 The line dd will be in the fore body for the alter 
and in the after body for the fore cant timbers. 

2᷑4. Produce the common ſections of the planes of f e rl 
55 "the: aft e l the faſhion piece; to cutithe line 4 das Fr in the plat 


aint Aae a line parallel 0 . w 0 th 


cant 


From the p . will be he 
common ſection of the plane of the ribband and the olane of. the foreſide 
of the faſhion piece; "ul the fame operations for finding the other rib- 
bande, as you ſee in the plate, and call them new diagonals. 
. 4th. Find points in theſe new diagonals thro which the 

* cant timber would paſs, this * be the fore 


8 * 


* 5 
At ES 


Mk '% 
3 \ 3 x 
e 


1 


curve of ano- 
ide of the - faſhion 
piece, obſerving that = lines taken from the floor plane muſt be ſet 
off from the line d 4 om the line K O; the diſtance of theſe 
points from the curve of the aft ſide of the faſhion: piece will be what 
"ae bevellings is, within or without the ſquare.” In applying the — 
the ſtock muſt be laid on the new diagonals, but when hits 4 is not ſquare 
to the timber, take the neareſt diſtance to the curve of the moulded fide 
of the timber from the foreſaid' points, and there place the firmark, ſo the 
ſtock and tongue will be ſquare to the timber, as in the firſt ribband, and 
from theſe points make an exact bevelling board, as in the Plate ; the lik 
proceſs may be uſed for the fore body. JJ 
The difference of the heighth of the ribbands on the moulding, and con- 
tra ſide, may be had by projecting the planes of the diagonal ribbands on the 
ſheer plane. The forms and bevellings of all the other cant timbers may be 
had by the ſame method, but ory timber will require another line, 7 5 
the line dd will fall betwixt that and the line K O, till at laſt it 
coincides with it, that is, whoa the timber has no c- cant, and the new dia- 
gonals will be approaching to thoſe that repreſent the planes of the ſquare 
timbers in the body plane. | PER 1 85 
I!bhe cant timbers may likewiſe be bevelled by water lines; their planes 
are repreſented by level lines in the body plane, which, in ſome caſes, 
vill be very oblique to the curve of the timbers, but this may be reduced 
to a ſquare, and the bevellings found as before directed: See that of the 
firſt tranſom 1 me 2 {if ö | 


o 


To bevel the fa rſhion piece of a ſquare. tuck by water lines, 


The faſhion piece of a ſquare tuck may bevelled by water lines, in the 
Ame manner the cant timbers are by ribbands, for as it both rakes and 


— 


— 


— — — — — — 


—— — —— — — — — 


Me | 20 3. 
cants, the ones of the water "0M will interſect it higher c on the 4 aft 400 
on the foreſide; and, before we have their heights on the foreſide, the 
breadth of the timber muſt be determined, which ſuppoſe hn (Fig. 71.) ; 
but this is not all, for, as it cants, the breadth 3 in the direction of the water 
line, will be more than the true breadth : In order to find the true breadth, 
| form the aft {ide of the faſhion piece, as directed in page 140; but, as we 
intend here to allow for the thickneſs of the plank, we ſhall alter b botle 
the rake and cant. 


| Let t 5 (Hg. 69. 4. * che aft fide of the rabbit on the out fide of the 
oft; WM the common ſection of the plane of the faſhion piece, and 


theer plane; but before this laſt line can be determined, draw the ſeve- 
ral water lines 1, 2, 3, 4, and 5, parallel to the keel, which may repreſent. 
ſo many tranſoms; let all theſe water lines be formed and ended at the 
aft ſide of the rabbit, as in Fig, 70, where the round aft of the tran- 
ſoms is deſcribed, and limits the curves of the water lines. Now the 
line WM muſt rake ſo as to leave room for half the thickneſs of the 
poſt at the tuck; in order to which, produce W g to r, make g half 
the thickneſs of the poſt, thro' 7 draw a line parallel to g M, to interſect 
gzGinb; with the radius r b from x, the point of the tuck as center, 
ode 40 arch, and u the line W M juſt to touch the back ok. 
t arc 1 
The lines parallel to g 6G muſt wis be ſo dra wn as to cut off no 
part of the tranſoms in (Fig. 70.) the lines g G, a 4, s 4, are abaft the: 
ends of the tranſoms, ſo all « wy wood muſt be taken * after the faſhion: 
piece is bevellet. 
Faving thus drawn the line W M, firſt aſſume any poist E. at os 
ſure; in the line WM, Fig. 69, let fall the perpendicular & y, and: 
draw yf parallel to g G, to "interſect a Perpendicular drawn from the. 
point M in f, Fig. 70. | 
24. From M draw the line M x ſquare to yf; and then the line 57 1 
ſquare to W M. 
34. Make Mu, Fig. (equal to M 1, Fig. 70.) the baſe of the 
right angled triangle Fd M, 'of which Me is the perpendicular equal to. 


ky; ſo the angle n M will be the bevelling to the horizontal plane z, 
and to find its bevelling to the ſheer plane. 


1//. Make M 2, Fig. 71. (equal tony, Fig. 70.) the baſe of the a 
angled triangle f M, Fig. 71, of which, f M 2 perpendicular, is equal 
tof M, Fig. 70; ſo the angle 72 M will be the bevelling to the ſheer, | 
as demonſtrated i in page 126. 

_ Having thus found the bevellings, draw the line a 5, Fig. 71, parallel 
ta z u; let 2 a, equal 76, be the ſcantling of the timber, then z x will be 
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wear off at the point 1; Fig. 70. 
There will be no occaſion to fide the moulding ide of the gen- 
piece quite ſtrait; it may be ſided ſo, that, when the mould is ſlightly 
Taſtened to it, the head of the faſhion-piece may round from the mould 
nearly the whole quantity of the ſpiling, and then it may be bevelled 
"_ the mould, and afterwards the poor fpilings {et oft, | Th 


wr al > of timber on the horizon ; and S 
Fluge. and a c what it is anten { 0 pee, eee e 
Nos as the lines 387 4; 41, repreſent . aff ip" F tt 
Aiſhion piece on the horiz ha > Fig. 
_ lines parallel to them to 13 the fore ſide as in the plate; 'making 
ux, Fig. 91, the ſquare diſtanee betwiut them, and their correfpor 
on the aft fide, and by theſe dotted lines form the foreſide of the” 


piece in the ſame manner the aft ſide was formed; but thewuter lines on N 


the foro fide of the plane of the faſhion Piece muſt . be ann, in 


* 
mY 


"thi diſtance betwixt'W M and ⸗ 4 equal to ac, (Hg. 71 7 nd the dif- 
tance betwirt W M and d equal to Vc. (Fig. 71) 75 
2d. Draw a line parallel to WF, through "the point Where the fins 


Doo the point where the fourth water- wee! BTID 19y line cd. 'Ds 
the ſame by all the water-lines. 
We may now project the fore-fide of the: faſhion piece 


by che new 


5 Water-lines, obſerving that the diſtances muſt be ſet o Pont . line e B, 
and not from the line WM; or find the points through which the curve 


ſhould paſs on theſe new water-lines, and the neareſt diſtance betwixt- 
cheſe points and the curve of the aft fide, is what the bevelling is with- 
out a ſquare, when both ſtock and tongue are ſquare to the timber; and, 
when the water-lincs are not ſquare to the timber, reduce the beyelling 
to a ſquare one, and place the firmarks on the moulding edge, as you. 


ſee in the plate, and from thence transfer the borellivgs toa board, the 


exact breadth of the timber. 
| Aﬀer the timber is witnted prey” bevelled frac the aft fide, ters will 
be a ſpiling, ed, (Fig. 70.) to be ſet off forward from the line Gg 
produced ; and a ſpiling, co, from 4 4 produced; laſtly, a ſpiling, / m, 
Fe om 33 produced ; and as the aft fide of the Achten. pech winds, there 
muſt likewiſe be ſpitings ſet off for the infide, as in Fig. « bg. 0 
Let 11, 12, 13, 14, Fig. 69, be the inſide oſ the fahion-picce ; 
make g, 11, Fig. 70, equal to W, II, Fig. 69; a, 12, Fg. 70, equal 
to @, 12, Fig. 69, &c. So 11, 12, 13. 14, will be the op ings,” and 


70, we may draw the dotted 


An. raw the ee "Ry? od wrificl to W N. * OM 69.) niaking i 


interſects the fiſth water line, Ng. 991 draw a line parallel to 2 A, 
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The timber beliZ ibs I hs the plan 
of ths bay oven which will make the ends apt to ſtart off with the 
_ caulking; to prevent which the thickneſs of the plank muſt be ſet off 


Without b moulding edge” "of the faſhion-piece, as in the plate; and, 
| when the faſhion · piece is bevelled to this mould, we ſhall have the 8 | 
thickneſs of the plank, without the moulding edge both of 1 45 aft and 
fore ſides; ſo the plan is may be rabbitted _— the faſhion- piece, leaving 
ſubſtance enough on the aft fide to cover the ends of the planks. The 
planes of the timbers, in ſome caſes, cut the plank very obliquely, which 
will occasion the plank to be thicker in that direction than really it isz 
; therefore the thickneſs of the plank, in the direction of the plane of the 
timber, at each water-line, muſt be determined before the mould can be 
made. This will be a very difficult taſk ; however, we ſhall endeavour 


to perform it in the following manner. 
Iſt. Draw a line ſquare to the ſecond water-line, at the point 2, 


line, in Fig. 70, will be 2, 2, v. 


2d. Form a cant timber in the direction, or cant of that line, as in | 


Fig. 68. l 


3d. Set off the real thickneſs of the plank | "Tn from this timber, 


to interſect the correſponding water-line in the point 7; fo rs will be 
| the thickneſs of the plank on the plane of the water-line. 


4th. Set off 7 s parallel to the ſecond water-line, Fig. 70; to a 


ſi Ft this was done by a pencil, and we have only the point f in 
ä the plate, where the plane of the faſhion- piece interſects it. 


zth. Produce þ 2, Fig. 70, to interſect the curve in ?; ſo 72 will be 


the thickneſs of the plank in the direction of that line. 


- 6th. Produce the line 5 H, Fig. 69, to 9, making 59, Ng. 69, e- 


qual to bt, Fig. 70; ſoq will be one point of the curve. 


to bear a mathematical demonſtration, we have adventured to inſert it; 
far from imagining that there are not other methods better adapted for 
that purpoſe ; for, without ſome ſuch: contrivance, a ſhip could not be 


built exactly of the fame dimenſions with another already built, having 


only the dimenſions of this laſt, by taking them off when in a deck, 
which muſt be from the outſide of the plank; whereas, when they 
form the timbers, the dimenſions muſt be taken from the inſide of 
the _ 


a 10 wil e code to Po at f fide 


where the plane of the faſhion- piece interſects it on the floor plane, Fig, 
70 and produce this line, from the middle line, to interſect all the o- 
ther water · lines, which muſt be produced for that * 3 o che 7 r ; 


i hough this method may be too tedious for practice, yet, as it ſeems. 
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| "Royal Navy. . 3 
are. proportioned to the extreme b 1 ä = 
"as this treatiſe *. chiefly eſigned for the — ef h ais Ma- _ 
- jeſty's dock yards, we ſhall here give the general proportions of maſts. n 
and 455 for the it of ſuch of them as may be employed 1 
and yards, the general method is to quarter 1 
| from the part e hounds, and the yards. from. the flings _—_ 
| to the yard arms; ſo that both yard arms are exactly the ſame, except .; 2m 
f mizen yard. The diameters at the quarters are in proportion to that. 
> e partners or lings; whether this curve will be an arch of a cirele 1 


or of an ellipſe, or only a fair curve, we ſhall not at preſent. examine, 1 
fon, 8 give our readers the proportions ; but as the beams are allowed = 


5 arches of circles, we ſhalt here ſhew a ready way of making a beam | 
| 'B, Pig. 73, be the length of the beam, CD the round. in the 
| ſo it is only deſcribing a circle thro' the three points ADB 
but as the circle in ſome caſes will be ſo large that we cannot come at 4 
the center we may uſe the following method. 2252 1 — 
. Draw the lines AD and D B. 
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in the cur 


er points are found, by drawi 
the line Dy, and lines from A thr 
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which will all be in the circnmferenee of the « 
have'enly drawn the lines Bx, and Ag; but, in pra 
two chalk lines and faſten one at A and the other at 
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n ixadded to dhe angle DBA, aud the angle 


on 


— —ñ—ä— —— — — —— om O—— ad wu 1 2 
* * — — . 


* 


+ 


EET 


” 
* 


„% 


£ 
a 


20 95 0: 0 


1 


W 


: 


my I 


* 
. 
00 


* 


86 
ss 


2 


0 
% „% 


9 


* 


. 


„ 44 los 0 _ 
7 


4 


þ 


— 


FL, 
1 WER 11 5 
Nahe Y q N 5 "a 
* 7 * ' 2 * c \ 5 * .E 5 1 « 18 3 þ _ 5 T4 * v 0 . k \ > * o 1 LS » wh f 25 1 N * ; { & x 1 1 7 7 is 3 q 2 * , 7 PART 4 2 A 8 * * ' WY h "PRs 8 x e 
2 2 wy . I F \ i , i : » 4 * 4 5 7 y 1 4 * I # 
n 5 
F $55 


vets Go ., 2 EL 


2 


e 


ae 


* 


(3 


min. top-ſail 


ngth of the 


* 


3 * = 


eter to Every. 


* 


o guns, z twenty-ſevi 


. 


97 * 


All top maſts are nine tenths of an inch dia 
The fore top-maſt as big as the main top-maſt. - 
The top gallant maſt, one inch to a yard. 
The mizen-maſt -* 17 of. an inch to 1 yard in length. 
The mizen top-tmaſt five fixths of an inch to one yard in length. 
The bow-ſprit.an inch and half to one yard. 
The flying gibb· boom ſeven eighths of a ſhip 
The main and fore yard five ſevenths of an inch to 4 yard. 
The top-ſail, eroſs- jack, and ſprit · ſa ine 

to one yard. | 
The top-gallant, mizen top-ſail, and fprit-fail 

teenths of an inch'to one yard 5 
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Tt f the top thy | my eg by ſome, is nine thirtieths of 1 


th of be mien top- maſt; all tops, before and aſt, three four ts. 
| of what they are thwartſhips; the ſquare h five inches to a foot. = 


Halen. > 


ako of + of an hes to one 
breadth ths of theigh 
The rl f the mizen truſſel-trees, ſix ſeven 
dot in length; and their breadth eleven ſixteenths of th 
The main and fore top-maſt truſſel- trees, to length the fifth. 

| part of the length of their top allant. mat ts; their depths 75 of an inch 

5 to one foot i in length, and their breadth 23 of their Wer * 
The migen . 2 truſſel- trees, half the length of the main-top- 4 
maſt truſſel- trees; their dept ö length, and their | 

| breadth five | 
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